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This  r e p o r t  was prepared by the  AiResearch Manufac tur ing  Company o f  
10s Angeles t o  summarize t h e  r e s u l t s  o f  two programs sponsored by the  Manned 
Spacecra f t  Center o f  t h e  Nat iona l  Aeronaut ics  and Space A d m i n i s t r a t i o n  under 
Contracts  NAS 9-8460 (Task B )  and NAS 9-9981. These two programs were con- 
ducted s imu l taneous ly  and were concerned w i t h  ( I )  t h e  p r e l i m i n a r y  des ign f o r  
an I n t e r m e d i a t e  Water Recovery System (NAS 9-8460) and (2)  t h e  des ign  o f  an 
I n t e r m e d i a r y  Water Recovery System (NAS 9-9981).  The f i r s t  c o n t r a c t  i nvo l ved  
system analyses, which cu lmina ted  i n  t h e  p r e p a r a t i o n  o f  a system s p e c i f i c a t i o n ;  
t h e  second was concerned w i t h  t h e  development o f  a breadboard u n i t  t o  p rov ide  
data f o r  system design. The i n t e r a c t i o n s  between t h e  program were such t h a t  
a s i n g l e  r e p o r t  was deemed more i n f o r m a t i v e  and more l o g i c a l  than two separa te  
repor ts ,  each cove r ing  t h e  a c t i v i t i e s  o f  a s i n g l e  c o n t r a c t .  
Cont rac t  NAS 9-8460, Task A, was i n i t i a t e d  i n  September, 1968, and was 
concluded w i t h  t h e  s u b m i t t a l  o f  t h e  Task A f i n a l  r e p o r t  (AiResearch Report 
No. 69-5470) i n  August, 1969. 
The o v e r a l l  p e r i o d  o f  performance o f  t h e  two c o n t r a c t  cove r ing  the 
a c t i v i t i e s  repo r ted  here  was from September 1969 t o  December 1970. 
I n i t i a l l y ,  M r .  Dean Thompson o f  NASA MCS was t h e  program t e c h n i c a l  
mon i to r ;  M r .  Don Hughes was appoFnted t o  t h i s  post  i n  February 1970. A t  
AiResearch, t h e  program manager was M r .  A. H. Bauer. 
AiResearch personnel  who c o n t r i b u t e d  s u b s t a n t i a l  l y  t o  these programs 
inc lude :  0. Morton, C .  A l b r i g h t ,  K ,  Ikeda, W. Hendrickson, and J .  Rousseau. 
The r e p o r t  i s  d i v i d e d  i n  two volumes, Volume I conta ins  t h e  r e s u l t s  o r  
t h e  i n v e s t i g a t i o n s  conducted, Volume 2 conta ins  t h e  appendices. T h i s ' i s  
Volume 2. 
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Lo5 Angeles. California 
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APPENDIX A 
PRELIMINARY COMPONENT PERFORMANCE SPECIFICATIONS 
This  appendix c o n t a i n s  p r e l i m i n a r y  s p e c i f i c a t i o n s  f o r  a l l  system components. 
Data g i ven  inc lude :  
(a) Purpose 
(b) D e s c r i p t i o n  
(c) Performance and des ign data 
The performance requirements were based on a.system design p o i n t  d e f i n e d  
as f o l l o w s :  
(a) B r  i ne concent r a  t i on : 20 percent  
(b) Condenser pressure:  1.5 p s i a  
(c)  Water process ing r a t e :  I .38 l b / h r  
F i g u r e  A - I  i s  i nc luded  showing t h e  arrangement:Table A-2 g i ves  the  
summary of t h e  components c h a r a c t e r i s t i c s .  
AIRESEARCH MANUFACTURING COMPANY 
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E COLLECTION AND TRANSFER 
Ur ina l  
Phase separator 
Blower 
Charcoal f i l t e r  
Charcoal canis ter  
Check va lve 
Solenoid shutoff valve 
Bacter ic ide metering o r i f i c e  
Rinse water metering o r i f i c e  
Ur ine c o l l e c t i o n  package con t ro l l e r  
Pretreatment f l u i d  tank 
Manual shutoff valve 
Quick disconnects 
Pressure transducer 
Bacteria f i 1 t e r  
E STORAGE AND PROCESSING 
Urine storage tank 
Pressure regulator-re1 i e f  
Manual shu to f f  valve 
Heater-condenser 




Oxygen metering o r i f i c e  
Oxygen f i 1 t e r  
Temperature sensor 




Condenser pressure regulator  
Bleed va lve 
Quick-disconnect 
Density contro l  source 
Density con t ro l  detector 
Level cont ro l  source 
Level cont ro l  detector 
Br ine loop con t ro l l e r  
Solenoid shutof f  valve 
Br ine storage tank 
Br ine pressure regulator 
Solenoid shutof f  valve 
AIRESEARCH MANUFACTURING COMPANY 
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Incorporates a i r  and water manifolds 
Brushless dc motor dr ive;  s t a t i c a l l y  sealed u n i t  
Brushless dc motor dr ive;  AP = 3.5 in. H20 
Expendable; charcoal impregnated w i t h  phosphoric ac id  
Rechargable every 90 days 
Spring loaded closed - 6 watts t o  ac t i va te  by I tem 110 
Power includes power t o  valves and motors 
Contains 7 I b  o f  pretreatment f l u i d ;  replaced a t  90-day 
i n te rva l s  
40 ma a t  28 vdc 
Capacity: 37.6 H20; operating pressure: 4 t o  7 psia 
Regulates a t  4 psia, re l ieves a t  7 ps ia  
I440 Btu/hr capacity a t  design po in t  (20 percent b r i n e  
concentrat ion) 
Brushless dc motor; magnetic coupling; b r i ne  AP: IO  p s i  
Brushless dc motor; magnetic coupling; pressure r a t i o :  
1.59 a t  design po in t  
Contains rhod i um cata lyst  ; ope r a t i n g  temperature: 8OOoF 
02 f l ow  contro l led a t  0.0005 ib /hr  
Power includes reactor power input 
S imi lar  t o  - C  valve 
Adjustable aneroid t o  permit regulat ion between 0.5 and 
2.5 ps ia  
L i m i t  depressurization of vapor drop a t  r a t e  of 0.5 
p s i h i n  
Nucleonic source (americium 241) 
Geiger-muller tubes 
h e r i c i w  241 source 
Gieger muel ler  tubes 
Manage f l u i d  inventory i n  b r i ne  loop; power includes 
powerr for  valve and separator operation 
Spring loaded closed; 6 watts t o  open 
Capacity: 94 I b  of 50 percent so l i ds  br ine;  pressure 
4 t o  6 ps ia  
Normally opened; 6 wat ts  t o  open 
70-7018, Rev. I 
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Descr ip t ion 
AIMED WATER COLLECTION AN0 TRANSFEF 
pH sensor and d isp lay 
Conductivi ty sensor 
Inorganics monitor 
Pu r i t y  c o n t r o l l e r  
S i l v e r  i o n  generator 
Selector valve 
Bacteria f i l t e r  
Reclaimed water tank 
Manual shu to f f  valve 
Check va lve 
Quick disconnect 
Pressure regulator-re1 ie f  
Cyc l ic  accumulator 
Solenoid va lve 
Cycl ic  accumulator t imer  
'RUMENTATI ON 
Urine storage quan t i t y  meter 
Urine storage pressure meter 
Br ine storage quant i ty  meter 
Br ine storage pressure meter 
Reclaimed water storage quan t i t y  
meter 
Reclaimed water storage pressure 
meter 
Pretreatment tank quan t i t y  meter 
h e t e r  
B r i ne temperature-sepa rator, 
o u t l e t  
Separator pressure meter 
Br ine temperature-condenser 
o u t l e t  
Ca ta l y t i c  reactor temperature 
Condenser pressure transducer 
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32 watts maximum when se lector  va lve actuated; d isp lay 
meters on u n i t  
Self-contained e lect ron ic  u n i t  
6 watts required for  actuation; va lve actuated when 
water unacceptable 
Capacity: 20 l b  o f  water 
Maintains reclaimed water tank a t  30 p s i g  
Powered by n i t rogen from spacecraft supply 
Powered by t imer (315) 
Also 7 wat ts  f o r  ac t l va t i on  o f  valve 316-8 
Range: 0 t o  40 I b  
Range: 0 t o  8 psia 
Range: 0 t o  110 I b  
Range: 0 t o  8 ps ia  
Range: 0 t o  20 I b  
Range: 0 t o  40 ps ig  
Range: 0 t o  5 amps 
Range: 80 to  l3OoF 
Range: 0.2 t o  3.0 ps ia  
Range: 80 to j i30 'F 
Range: 600 t o  l0OO"F 
Range: 0.2 t o  3 ps ia  
Range: 0 t o  0.5 psia 





The u r i n a l  i s  used t o  c o l l e c t  u r i n e  f o r  t r a n s f e r  t o  t h e  phase separa to r  
(102). 
DESCRIPTION 
The u r i n a l  i s  of an open funnel-cup shaped des ign and i s  connected t o  a 
3 f t  l e n g t h  of 1/2 i nch  I D  f l e x i b l e  t ransparen t  t r a n s f e r  tube. A r i n s e  water 
l i n e  i s  i n t e g r a l  w i t h  t h e  t r a n s f e r  tube. The u r i n a l  i nco rpo ra tes  numerous 
holes i n  t h e  cup housing t o  pe rm i t  c a b i n  gas t o  f l o w  i n t o  t h e  u r i n a l  and t o  
a l l o w  c l e a n s i n g  w i t h  f r e s h  water w i t h  pret reatment  f l u i d  a f t e r  m i c t u r a t i o n .  
The pneumatic fo rce  of  t h e  c a b i n  gas t r a n s f e r s  t h e  u r i n e  o r  the r i n s e  water  
from t h e  u r i n a l  t o  t h e  phase separa to r  (102). 
c i r c u l a t i o n  through t h e  system. 
A blower (103) assures gas 
PERFORMANCE AND DESIGN REQUIREMENTS 
U r i n e  f l ow  ra te ,  cc/sec 
Cabin gas f l o w  rate,  cfm 
Rinse water f ow ra te ,  cc/sec 
Pressure drop i n .  H20 
Weight, l b  
AIRESEARCH MANUFACTURING COMPANY 
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The phase separa to r  i s  used i n  t h e  u r i n a l  loop t o  separate t h e  e n t r a i n e d  
c a b i n  gas from t h e  u r i n e  and r i n s e  water m ix tu re .  The separa to r  serves as an 
accumulator d u r i n g  m i c t u r a t i o n  and r i n s i n g .  The l i q u i d  i s  pumped out  o f  t h e  
separa to r  t o  t h e  u r i n e  s to rage  t a n k  (201) a f t e r  complet ion of  t h e  m i c t u r a t i o n  
and r i n s i n g  cyc les .  The a i r  i s  drawn from t h e  separa to r  by the  blower (103) 
downstream o f  t h e  separa to r .  
D E S C R I P T I O N  
The phase separa to r  c o n s i s t s  o f  a r o t a t i n g  drum w i t h  a s t a t i o n a r y  p i t o t  
tube which serves as a pump. The m i x t u r e  o f  l i q u i d  and gas en te rs  the  drum 
through a s t a t i o n a r y  d e l i v e r y  tube near t h e  a x i s  o f  r o t a t i o n .  Due t o  c e n t r i -  
f u g a l  force,  t h e  l i q u i d  i s  f o rced  a g a i n s t  t h e  p e r i p h e r y  o f  t h e  drum w h i l e  the  
gas c o l l e c t s  a t  t h e  c e n t e r  f rom where i t  i s  exhausted from t h e  u n i t .  The p i t o t  
tube i n l e t  l oca ted  near the  drum p e r i p h e r y  removes t h e  h i g h  v e l o c i t y  l i q u i d  
and pumps i t  t o  the  u r i n e  s to rage  t a n k  (201). A brushless dc motor d r i v e s  
t h e  drum through a magnet ic coup l i ng .  
PERFORMANCE AND DESIGN REQUIREMENTS 
The 
Drum capac i t y ,  cc 
Discharge f l o w  ra te ,  l b / h r  
Gas f l o w  ra te ,  cfm 
Gas pressure drop, i n .  H20 
Discharge gas pressure,  ps 
Discharge 1 i q u i d  pressure, 
a 
Residual  water  a t  0.5 p s i g  d i scha rge  
pressure, cc 
A i r f l o w  o u t  o f  separa te r  a t  0.5 p s i a  
d ischarge pressure, cfm 
Power, wa t t s  
Drum r o t a t i o n a l  speed, rmp 
Drum diameter, i n c h  
Weight, l b  
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles. California 
u n i t  has no dynamic sea ls .  




5 t o  7 
5 t o  7 
IO 
0 
20 max w i t h  28 1 4  vdc i n p u t  
I400 
6 
I O  





The  blower provides t h e  gas flow necessary f o r  zero-gravity t ranspor t  of 
urine from t h e  ur inal  t o  t h e  phase separa tor .  The gas blower draws cabin a i r  
i n t o  the  ur inal  (101) and returns the  a i r  t o  t h e  cabin a f t e r  i t  i s  separated 
from t h e  ur ine i n  the separa tor  
charcoa 1 f i 1 t e r  ( I  0 4 ) .  
DESCRIPTION 
T h i s  blower is a centr i fuga 
102) and f i l t e r e d  i n  a bac te r ia l /ac t iva ted  
u n i t  driven by a brushless dc motor. 
PERFORMANCE AND DESIGN REQUIREMENTS 
Flow r a t e ,  cfm 6 
Pressure r i s e ,  * i n .  H20 3.5  
Outlet  pressure, psia 5.02 psia f o r  a 5 psia cabin 
I n p u t  voltage,  vo l t s  dc 28  +4 
Enve  1 ope, i n .  4 dia  x 5 
Power consumption, watts IO 
Estimated w e i g h t ,  l b  4 
AIRESEARCH MANUFACTURING COMPANY 
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ITEM 104 AND 105 
ODOR FILTER 
PURPOSE 
The odor filter is used to remove odors from the gas circulated through 
the urinal loop. After deodorizing, the gas is returned to the cabin. 
DESCRIPTION 
The odor filter is installed at the discharge of the urinal loop gas 
blower, (103). 
able charcoal charge ( 1 0 4 ) .  The housing assembly i s  designed to allow easy 
replacement of the charge every 90 days. 
The filter consists of a housing assembly (105) and a replace- 
The expendable charge consists of a metal shell packed with 6 - IO mesh 
activated charcoal impregnated with phosphoric acid. The charcoal readily 
adsorbs gas of moderate-to-high molecular weight which includes most odors. 
The phosphoric acid removes ammonia and checks bacteria growth o n  the filter 
element. 
PERFORMANCE AND DESIGN REQUIREMENTS 
Activated charcoal AC-4 
Flow rate, cfm 6 
Pressure drop, in. H20 
Enclosure, in. 
0.4 max 
6 x 6 ~ 3  
Expendable charcoal weight, lb I . 3  
Total odor filter weight, lb 4 
AIRESEARCH MANUFACTURING COMPANY 
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ITEM 106-A 
C H E C K  VALVE 
PURPOSE 
T h i s  check valve is u s e d  t o  prevent reverse flow of l i q u i d  i n  c r i t i c a l  
par t s  of t h e  water c i r c u i t .  This valve is a l s o  u s e d  i n  o ther  subsystems. 
DESCRIPTION 
T h e  valve cons i s t s  of a elastomer, umbrella-shaped valve and a f l a t  metal 
s e a t .  T h e  s e a t  has a s e r i e s  of holes, arranged i n  a c i r c l e  of l e s se r  diameter 
than t h e  valve, t o  allow through flow. When i n s t a l l e d ,  the valve is s l i g h t l y  
preloaded t o  sea l  a t  i t s  ou te r  periphery. I f  pressure is applied i n  t h e  flow 
d i r ec t ion ,  t h e  valve is forced away from t h e  s e a t ,  allowing water t o  pass 
through the holes i n  the  s e a t .  I f  pressure is applied i n  t h e  reverse d i r ec t ion ,  
the valve is  forced aga ins t  the s e a t ,  checking flow by covering the holes i n  
t h e  s e a t .  A r e t a ine r  prevents the valve from tear ing  away from i t s  s e a t  i n  
t h e  e v e n t  of a h i g h  t r a n s i e n t  pressure i n  t h e  flow d i r ec t ion .  T h e  valve is 
d e s i g n e d  f o r  low pressure drop i n  the flow d i r e c t i o n  and n e g l i g i b l e  leakage 
i n  the  check d i r ec t ion .  
PERFORMANCE AND DESIGN REQUIREMENTS 
Operating pressure 
In le t  temperature 
Ef f 1 u e n t  
Flow r a t e  w i t h  i n l e t  water 
a t  75OF and 20 p s i g  
Proof pressure 
Burst pressure 
Line s i z e  
Weigh t  
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles, California 
In le t ,  37 p s i g  maximum 
Reverse, 37 psi above i n l e t  
40 t o  150°F 
Water, u r i n e ,  pretreatment 
f l u i d ,  wash water 
200 lb/hr w i t h  0.4 p s i  max AP 
56 p s i g  normal e I n  reverse 
d i r ec t ion ,  p s i  above i n l e t  
93 ps  i g  normal. I n  reverse 
d i r ec t ion ,  93 p s i  above i n l e t  
1 / 4  inch 
0.1 l b  
70-7018, Rev. I 
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ITEM 107-B 
SOLENOID SHUTOFF VALVE 
PURPOSE 
This  v a l v e  c o n t r o l s  t h e  f low o f  l i q u i d s  i n  the u r i n e  c o l l e c t i o n  loop. I t  
I t  i s  used a t  t h r e e  l o c a t i o n s  i s  ac tua ted  by the  u r i n e  loop c o n t r o l l e r  (110). 
i n  t h e  package: ( I )  a t  phase separa to r  o u t l e t  (240-B), (2) i n  t he  pret reatment  
f l u i d  supply  l i n e  (107-8), and (3) i n  t h e  f l u s h  water  supp ly  l i n e  (107-6). 
DESCRIPTION 
This v a l v e  i s  no rma l l y  spr ing- loaded c losed  and i s  f u l l y  opened when 
s u p p l i e d  w i t h  28 vdc power f rom t h e  u r i n a l  loop c o n t r o l l e r  (110). 
c o n t r o l  where necessary i s  e f fec ted  by means of o r i f i c e s  downstream o f  t he  
valve.  
Flow 
PERFORMANCE AND D E S I G N  REQUIREMENTS 
Nature o f  f l u i d  
F1 owra t e  
Maximum pressure,  p s i  g 
Operat ing temperature range, OF 
Operat ing power (28 vdc i npu t ) ,  
wa t t s  
P roo f  pressure, ps i g 
Burs t  pressure, ps i g 
Weight, l b  
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles. California 
Water 
Pret reatment  f l u i d  (39.8 percent 
H2S04, 9.8 percent  C r O  
percent  CuSo4, 47.3 percent  water)  
U r i  ne 
3 .  I 3’ 
12 cc/sec w i t h  a A P  o f  0.2 p s i  max 
27 
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ITEM I10 
URINAL CYCLE CONTROLLER 
PURPOSE 
The cycle controller is used to automatically operate the urinal loop 
solenoid shutoff valves (107), phase separator ( l02) ,  and blower (103). 
DESCRIPTION 
The controller is an integral unit containing solid-state components. The 
unit employs timer circuits and static switches to operate the external inter- 
facing electrical components at the required time following micturation. The 
input signal from a pressure switch (114)  is used to shut off the solenoid 
valve at phase separator outlet after the unit is empty. The controller also 
deactivates the separator and blower motor after the drying cycle. 
PERFORMANCE AND DESIGN REQUIREMENTS 
Sequence of urinal loop control functions 
I .  
2. 
3 .  
4 .  
5. 
6 .  
Prior to micturation, power i s  supplied to the phase separator and 
the gas blower. 
not energized and is spring loaded closed to prevent carryover o f  
cabin gas into the urine supply circuit during micturation. 
The phase separator outlet solenoid valve (107) is 
After micturation, the selector switch is positioned to initiate 
automatic operation of the cycle controller and interfacing electri- 
ca 1 components. 
When the cycle controller is activated, it provides power to the 
separator outlet solenoid valve (107) which opens to allow urine 
to flow from the phase separator to the urine supply circuit. 
When the pressure sensed by the pressure switch ( I  14)  drops below 
0.5 psig, the controller deactivates the separator outlet solenoid 
valve (107). 
Five seconds after the solenoid valve is deactivated, the controller 
energizes the rinse water solenoid valve (107). This valve remains 
energized for 14 +I seconds. 
Six seconds after the rinse water solenoid valve (107) is energized, 
the solenoid valve (107) to pretreatment fluid tank is energized 
for 2.0 ' 0 ,  -0.3 seconds. 
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles. California 70-7018, Rev, I 
Page A - l  I 
I T E M  I IO (Cont i nued) 
7. F i v e  seconds a f t e r  t h e  r i n s e  water  s o l e n o i d  va l ve  (107) i s  deenergized, 
t h e  separa to r  o u t l e t  s o l e n o i d  v a l v e  i s  energ ized t o  a l l o w  l i q u i d  ou t -  
f l o w  from t h e  phase separator .  Th is  v a l v e  remains open u n t i l  t h e  
phase separa to r  o u t  l e t  pressure s w i t c h  senses a pressure less than 
0.5 ps ig .  
8. F i v e  minutes a f t e r  t h e  separa to r  o u t l e t  s o l e n o i d  va l ve  i s  closed, 
t h e  phase separa to r  and t h e  blower a r e  s imu l taneous ly  deac t i va ted .  
9.  The s e l e c t o r  s w i t c h  i s  r e t u r n e d  t o  t h e  "OFF" p o s i t i o n .  
Output power a t  28 24 vdc, wa t t s  
For phase separa to r  
For gas blower 
For t h r e e  s o l e n o i d  valves 
I n p u t  power, wa t t s  
Weight, I b  
AIRESEARCH MANUFACTURING COMPANY 
Lo5 Angeles. California 
20 
IO 
6 f o r  each v a l v e  
60 maximum a t  28 24 vdc i n p u t  
3 
70-7018, Rev. I 
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ITEM I I I 
PRETREATMENT FLUID TANK 
PURPOSE 
The  tank is  u s e d  t o  s t o r e  t h e  pretreatment f l u i d  required f o r  ur inal  
c i r c u i t  cleansing. T h e  tank is replaced every 90 days. 
DESCRIPTION 
3 T h e  tank i s  spher ica l  and has a volume of 0.13 f t  . Expulsion of bac- 
t e r i c i d e  is  provided by a bladder pressurized w i t h  nitrogen a t  30 p s i g .  
PERFORMANCE AND DESIGN REQUIREMENTS 
3 Maximum s torage  capac i ty ,  f t  
Nature of pretreatment f l u i d  
Expuls ion gas pressure,  p s i  g 
Expulsion gas r e l i e f  pressure, psig 
Due t o  open f a i l u r e  of pressure 
regulator ,  ps i g 
F l u i d  temperature range, OF 
Proof’ pressure ( I  - 5  times max press 
of 110 ps ig) ,  psig 
Burst pressure ( 2 . 5  times max press 
of 110 p s i g ) ,  psig 
Weight ,  l b  
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles, California 
0.130 
39.8 percent H S O  9.8 percent 
Cr03, 3.1 percent CuSO 47.3 
percent water 
30 22  
37 
I I O  
2 4’ 
4’ 
40 t o  150 
I65 
2 7 5  
4 empty (I I l b  f u l l )  
70-7018, Rev, I 
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ITEM 1 1 2 - C  
MANUAL SHUTOFF VALVE 
PURPOSE 
This  v a l v e  i s  used a t  t h r e e  l o c a t i o n s  i n  t h e  u r i n e  c o l l e c t i o n  subsystem: 
( I )  i n  t h e  n i t r o g e n  l i n e  t o  t h e  p re t rea tmen t  f l u i d  tank, (2)  i n  t h e  p r e t r e a t -  
ment f l u i d  l i n e ,  and (3) i n  t h e  u r i n a l  f l u s h  water l i n e .  
DESCRIPTION 
The v a l v e  con ta ins  a manual ly-operated poppet t o  r e s t r i c t  the f l o w  through 
the  u n i t .  The poppet i s  i n t e g r a l l y  connected t o  a be l lows t h a t  serves as a 
s t a t i c  and dynamic sea l  f o r  p reven t ing  e x t e r n a l  leakage. A q u a r t e r  t u r n  o f  t he  
handle i s  r e q u i r e d  t o  move the  poppet from t h e  f u l l - c l o s e d  p o s i t i o n  t o  the  f u l l -  
open p o s i t i o n .  
PERFORMANCE AND D E S I G N  REQUIREMENTS 
Operat ing pressure, p s i g  
I n l e t  temperature, OF 
Flow r a t e  
Proof  pressure, ps i g 
Burst  pressure, ps i g  
L i n e  s i z e ,  i n c h  
Operat ing torque, i n . - l b  
Weight, l b  
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles. California 
30 +2 normal 




I / 4  
5 maximum 
0.3 
70-7018, Rev; I 
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ITEM 113-D 
LIQUID DISCONNECT COUPLINGS 
PURPOSE 
The quick-d isconnect  coupl ings p r o v i d e  t h e  c a p a b i l i t y  f o r  q u i c k  rep lace-  
ment o f  the pret reatment  tank  a t  r e g u l a r  resupp ly  time. 
DESCRIPTION 
Each connec t ion  c o n s i s t s  o f  h a l f  o f  a s e l f - s e a l i n g  poppet t ype  qu ick -  
disconnect f l u i d  coup l i ng .  The poppet i s  s p r i n g  loaded i n  the  c losed  p o s i t i o n  
and opens upon connect ion w i t h  t h e  ma t ing  h a l f  coup l i ng .  The poppet i n  one 
c o u p l i n g  f i t s  f l u s h  a g a i n s t  t he  poppet i n  t h e  ma t ing  c o u p l i n g  t o  prevent  t h e  
i n c l u s i o n  o f  a i r  i n t o  t h e  system d u r i n g  connect ion.  Each c o u p l i n g  i s  p rov ided  
w i t h  a cover.  
PERFORMANCE AND D E S I G N  REQUIREMENTS 
Operat ing Pressure 0.5 t o  40 p s i g  l i q u i d  w i t h  
5 t o  15 p s i a  ambient 
Flow r a t e  f o r  water  a t  75OF and 
20 p s i g  
150 l b / h r  a t  0.5 p s i  maximum AP 
Spi  1 lage 0.05 cc maximum per connec t ion  
o r  d i sconnec t ion  
Connect ing force,  l b  IO 
Proof'  pressure, ps i g 60 (mated and unmated). Also, 
23 p s i  g reve rse  pressure (unmated) 
Burst  pressure, ps i g I 00 (unma ted )  
Weight, l b  0.8 
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles. California 
70-7018, Rev. I 
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ITEM I I 4  
PRESSURE SWITCH 
PURPOSE 
T h i s  p r e s s u r e  s w i t c h  is u s e d  t o  sense the 
let  of t h e  p h a s e  s e p a r a t o r  (102). The  o u t p u t  s 
c o n t r o l l e r  ( I  I O )  w h i c h  s h u t s  t h e  s o l e n o i d  v a l v e  
s e n s e d  l i q u i d  p r e s s u r e  d r o p s  b e l o w  a g i v e n  l i m i  
i q u i d  p r e s s u r e  a t  t h e  out-  
g n a l  is s u p p l i e d  t o  t h e  u r i n a l  
a t  s e p a r a t o r  o u t l e t  when t h e  
DESCRIPTION 
The  p r e s s u r e  s w i t c h  s o l i d - s t a t e  c i r c u i t r y  is powered  by t h e  2 8  vdc 
s u p p l y  of t h e  s p a c e c r a f t  a n d  p r o v i d e s  a n  o u t p u t  s i g n a l  i n d i c a t i v e  of t h e  l i q u i d  
l e v e l  ( l ow o r  h i g h )  w i t h i n  t h e  p h a s e  s e p a r a t o r .  The  s e n s i n g  e l e m e n t  is a f l a t  
d i a p h r a g m  of  s t a i n l e s s  s tee l ,  c l a m p e d  b e t w e e n  case h a l v e s  o f  t h e  same m a t e r i a l .  
The  d i a p h r a g m  d e f l e c t i o n  is s e n s e d  by  p i c k o f f  c o i l s  l o c a t e d  o n  o n e  s i d e  o f  t h e  
d i a p h r a g m .  
PERFORMANCE AND DESIGN REQUIREMENTS 
O p e r a t i n g  p r e s s u r e ,  ps  i g  
T e m p e r a t u r e  r a n g e ,  OF 
O u t p u t  f o r  s e n s e d  p r e s s u r e  less t h a n  
0.5 p s i g  
O u t p u t  f o r  s e n s e d  p r e s s u r e  g r e a t e r  
t h a n  0.5 p s i g  
P r e s s u r e  s w i t c h i n g  l i m i t s ,  p s i g  
I n p u t  c u r r e n t  a t  2 8  24 vdc ,  ma 
P r o o f  p r e s s u r e ,  ps  i g 
B u r s t  p r e s s u r e ,  ps  i g 
Weight ,  I b  
AIRESEARCH MANUFACTURING COMPANY 
Lo5 Angels, California 
0 t o  I 
40 t o  150 
2 v o l t s  
0 
0.45 t o  0.55 
40  max 
I I  
18 
I 
70-7018, Rev. I 




Th is  f i l t e r  
and t h e  u r i n a l  ( 
water  c i r c u i  t . 
DESCRIPTION 
i s  i n s t a l l e d  i n  t h e  l i n e  between t h e  
01) t o  prevent  t h e  passage o f  b a c t e r  
The f i l t e r  i s  an  i n l i n e  mounted u n i t  employing a 
rec la imed water  supp ly  
a i n t o  t h e  rec la imed 
microporous element which 
serves as a mechanical b a r r i e r  t o  b a c t e r i a .  Water f rom t h e  rec la imed water  
supp ly  w i l l  c o n t a i n  s i l v e r  ions which w i l l  p revent  b a c t e r i a  growth on t h e  s u r -  
f ace  o f  t h e  f i l t e r .  The f i l t e r  i s  e a s i l y  rep laceable.  
PERFORMANCE AND D E S I G N  REQUIREMENTS 
Flow, l b / h r  
Opera t ing  f l u i d  
I n l e t  pressure,  p s i  g 
Operat i ng temperature, OF 
F i l t r a t i o n  s i ze ,  m ic ron  
Proof  pressure,  p s i  g 
Bu rs t  pressure,  ps i g 
Weight, l b  
AIRESEARCH MANUFACTURING COMPANY 
Lo5 Angeles. California 
IO a t  2 p s i  maximum AP 
Water 
30 
40 t o  150 
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ITEM 201 
URINE STORAGE TANK 
PURPOSE 
The u r i n e  supp ly  t a n k  i s  used t o  s t o r e  u r i n e  feed r e q u i r e d  f o r  t h e  u r i n e  
water  recovery  subsystem. The t a n k  i s  s i z e d  f o r  2 days s to rage  o f  u r i n e  and 
u r i n a l  r i n s e  water  (33.0 l b  o f  u r i n e  and u r i n e  r i n s e  water) .  
DES C R I  PTP ON 
3 
The t a n k  i s  c y l i n d r i c a l  and has a volume o f  0.6 f t  . Expu ls ion  o f  u r i n e  
feed i s  p rov ided by  a b ladder  p ressu r i zed  w i t h  6 p s i a  n i t r o g e n .  The b ladder  
i s  a t tached a t  b o t h  ends o f  the  tank.  When t h e  t a n k  i s  f i l l e d ,  t h e  b ladder  i s  
f u l l y  co l lapsed.  
PERFORMANCE AND D E S I G N  REQUIREMENTS 
3 Storage capac i ty ,  f t  ( inc ludes  
I 5 percent  UI Iage) 
Storage capac i ty, 1 b 
Expu 1 s i on gas pressure, ps i a 
Expu ls ion  gas r e l i e f  pressure, p s i a  
Maximum pressure  due t o  open f a i l u r e  
of  p ressure  regu la to r ,  p s i  g 
B r i  ne temperature range, OF 
Proof p ressure  ( I  . 5  t imes max press 
o f  110 ps ig ) ,  p s i g  
Burs t  p ressure  (2.5 t imes max press 
o f  I I O  ps ig ) ,  p s i g  
Enve 1 ope, i n. 
Weight, l b  
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles. California 
0.6 a t  15OoF 
37,6 
4 . 0  20.5 
7 20.5 
I IO 
70 - 150 
165 on N2 s i d e  
165 on water  s i d e  
275 on N2 s i d e  
275 on water  s i d e  
12 1/2 d i a  x i I  
8 empty 
70-7018, Rev. I 




The u n i t  p rov ides  regu la ted  gas pressure  t o  t h e  u r i n e  s to rage  t a n k  (201) 
f o r  p o s i t i v e  e x p u l s i o n  and t r a n s f e r  o f  u r i n e  feed t o  t h e  r e c i r c u l a t i n g  u r i n e  
b r i n e  loop. An i n t e g r a l  re1 i e f  v a l v e  prevents  o v e r p r e s s u r i z a t i o n  o f  t h e  u r i n e  
s to rage tank. 
DESCRIPTION 
The u n i t  c o n s i s t s  o f  an abso lu te  pressure r e g u l a t o r  and a r e l i e f  va lve.  
The pressure  r e g u l a t o r  con ta ins  a normally-open, anero id-operated me te r ing  
va l ve  which main ta ins  t h e  sensed pressure  a t  4 p s i a  nominal. 
The r e l i e f  v a l v e  i s  loca ted  i n  t h e  o u t l e t  chamber o f  t h e  u n i t .  I t  vents 
excess pressure  t o  vacuum t o  l i m i t  t h e  sensed pressure t o  7 . 5  p s i a  maximum. 
Opera t ion  of t h e  r e l i e f  v a l v e  i s  s i m i l a r  t o  t h a t  o f  t h e  pressure  r e g u l a t o r  
except t h a t  t h e  v a l v e  i s  no rma l l y  c losed.  
PERFORMANCE AND D E S I G N  REQUIREMENTS 
Opera t ing  f l u i d  Gaseous n i t rogen 
I n l e t  pressure range, p s i a  85 t o  115 
Regulated o u t l e t  pressure,  p s i a  4 20.5 
Flow, l b / h r  4 t o  8 a t  i n l e t  o f  85 p s i a  
Re1 i e f '  pressure,  p s i a  7 . 0  20.5 
Regulator  leakage, sccm 
Re1 i e f  leakage, scc/hr  
I O  a t  i n l e t  o f  115 p s i a  and 
o u t l e t  o f  9 p s i a  w i t h  ambient 
a t  5 p s i a  
5 a t  o u t l e t  o f  9 p s i a  w i t h  
ambient a t  5 p s i a  
Proof pressure, p s i  g 210 a t  i n l e t  
Burs t  pressure,  ps i g 350 a t  i n l e t  
L i n e  s i z e ,  i n .  I / 4  
Weight, l b  I 
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles, California 
70-7018, Rev. I 
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ITEM 203-C 
MANUAL SHUTOFF VALVE 
(SEE ITEM 112-C) 
AIRESEARCH MANUFACTURING COMPANY 





I n  t h i s  u n i t  t h e  l i q u i d  b r i n e  i s  heated by the  condensing vapor. 
D ESC R I  P T I  ON 
The b r i n e  f lows through a s i n g l e  tube arranged i n  two c o n c e n t r i c  c y l i n d r i -  
c a l  h e l i x e s .  C y l i n d r i c a l  r e f r a s i l  wicks a r e  i n  c o n t a c t  w i t h  the  c o i l s .  The 
vapor e n t e r i n g  t h e  u n i t  f lows i n  t h e  passages formed by the  tube and t h e  wicks 
i n  a c o u n t e r f l o w  manner through t h e  f i r s t  h e l i x  and i n  a p a r a l l e l  f l o w  pa th  
through t h e  second one. Vapor condenses o u t s i d e  t h e  tube. The condensate i s  
c o l l e c t e d  by t h e  wicks and t r a n s p o r t e d  t o  a h y d r o p h i l i c  s i n t e r e d  meta l  p l a t e .  
A pressure d i f f e r e n t i a l  across t h e  p l a t e  assures l i q u i d  water f l o w  through the  
p l a t e  and o u t  o f  t h e  u n i t  w h i l e  p r e s e n t i n g  a b a r r i e r  t o  gas and vapor f low.  
This  pressure d i f f e r e n t i a l  i s  imposed upon t h e  p l a t e  by the c y c l i c  accumulator 
(313). 
b l e d  from t h e  u n i t  and dumped overboard. 
t h i s  f u n c t i o n .  
Non condensib le  gases s a t u r a t e d  w i t h  water vapor a r e  c o n t i n u o u s l y  
Pressure r e g u l a t o r  (229) prov ides 
PERFORMANCE AND D E S I G N  REQUIREMENTS 
I n l e t  b r i n e  temperature, OF 
I n l e t  b r i n e  concen t ra t i on ,  f 
B r i n e  f l o w  rate,  l b / h r  
B r i n e  s i d e  pressure drop, p s i  
I n l e t  b r i n e  pressure, p s i a  
B r i n e  s i d e  temperature r i s e ,  OF 
I n l e t  vapor temperature, OF 
I n l e t  vapor pressure, p s i a  
Vapor f l o w  ra te ,  l b / h r  
Noncondensi b l e  vent pressure, p s i a  
Heat t r a n s f e r  ra te ,  B tu /h r  
Ambient heat loss ,  Btu/hr  
AIRESEARCH MANUFACTURING COMPANY 
Lo5 Angeles, California 
I07 
20 percent  s o l  i ds  
2 02 
4 .5  maximum a t  20 percent  s o l i d s  
b r i n e  f l o w  o f  202 l b / h r  and IOOOF 






I 440 (m i  nimum f 1 ow) 
60 maximum 
70-7018, Rev, I 
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ITEM 206 ( C o n t i n u e d )  
P r o o f  p r e s s u r e  
B r i n e  s i d e ,  p s i g  
Vapor  s i d e ,  p s i g  
B u r s t  p r e s s u r e  
B r i n e  s i d e ,  p s i g  
Vapor  s i d e ,  p s i g  
Weigh t ,  l b  
AIRESEARCH MANUFACTURING COMPANY 
Lo5 Angeles. California 
33 w i t h  steam s i d e  a t  a m b i e n t  
p r e s s  u r e  
33 w i t h  c o n d e n s a t e  o u t l e t  p o r t  
c a p p e d  
55 w i t h  steam s i d e  a t  a m b i e n t  
p r e s  s u r e  
55 w i t h  c o n d e n s a t e  o u t l e t  p o r t  
c a p p e d  
5 
70-7018, Rev. I 




This valve i s  i n s t a l l e d  i n  the br ine  loop upstream of t h e  phase separa tor  
T h e  valve reduces t h e  pressure of t h e  b r i n e  passing through i t  below (208). 
s a t u r a t i o n  pressure. As a r e s u l t  a portion of the water contained i n  t h e  b r i n e  
w i l l  be flashed to  vapor across t h i s  va lve .  
DESCRIPTION 
The valve is an o r i f i c e  s i z e d  to  obta in  t h e  required f lash ing  charac te r -  
i s t i c s .  
PERFORMANCE AND DESIGN REQUIREMENTS 
Operating pressure, psia 3 to  5 a t  i n l e t  
Maximum pressure, psia In t e rna l  5 and external 14.7 
Inlet  temperature, OF 40 - 150 
Flow a t  i n l e t  b r ine  of 105OF 
and AP of 2.25 psi ,  lb/hr of 250 
202 nominal. Should b e  capable 
Bri ne 0 to  50 percent sol i d s  
Ef fec t ive  CA, sq i n .  0.00731 sq i n .  ( l i q u i d )  
Proof pressure, psi g 33 
Burst pressure, p s i  g 55 
L i n e  s i z e ,  inch I /4 
W e i g h t ,  l b  0. I 
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles, California 





T h e  separa tor  is used i n  t h e  b r i n e  loop t o  sepa ra t e  t h e  water vapor from 
t h e  urine b r i n e  and to  pump t h e  b r ine  through t h e  system. T h e  s epa ra to r  a l s o  
serves as an accumulator-surge tank f o r  t h e  l i q u i d  b r i n e .  
DESCRIPTION 
The sepa ra to r  cons i s t s  of a motor-driven drum i n  which is located a s t a -  
t ionary p i t o t  tube which is used  as a pump, The mixture of  urine br ine  and 
water vapor leaving the f l a sh  valve (207) enters t h e  drum through a s t a t i o n a r y  
d e l i v e r y  t u b e  passing through one e n d  of t h e  drum. Due t o  cen t r i fuga l  force,  
the l i q u i d  is forced aga ins t  t h e  p e r i p h e r y  of t h e  drum w h i l e  the gas is removed 
through t h e  cen t r a l  withdrawal vapor passage. The p i t o t  t u b e  located near t h e  
drum periphery c o l l e c t s  the h i g h  ve loc i ty  l i q u i d  and pumps i t  through t h e  re- 
c i r c u l a t i n g  br ine  loop. The  vapor is drawn from t h e  cen ter  of the ro t a t ing  
drum through a demistor. T h e  vapor is t h e n  c i r cu la t ed  i n  t h e  cav i ty  be tween 
t h e  drum and t h e  separa tor  casing before b e i n g  exhausted from t h e  u n i t .  The  
separa tor  casing is insulated and maintained a t  a temperature above s a t u r a t i o n  
by the heat from t h e  motor. 
Rotation of t h e  drum is provided by a brushless dc motor through a mag- 
ne t i c  coupling. T h e  u n i t  i s  s t a t i c a l l y  sealed.  
PERFORMANCE AND DESIGN REQUIREMENTS 
Drum s i z e ,  i n .  6 dia  x 4-1/4 long 
High br ine  level ,  cc 800 
Imersion level f o r  p i t o t  
tube pickup, cc 
IO0 
Discharge brine flow ra te ,  lb/hr 175 to  250 
Brine and vapor temperatures, OF 40 t o  150 
Discharge b r i n e  pressure w i t h  I 1  
20 percent sol ids b r i  n e ,  drum 
speed of 1800 rpm, and brine flow 
of 202 l b / h r ,  psia 
Discharge vapor flow ra te ,  lb/hr 
Discharge vapor pressure, ps ia 
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles. California 
1.38 
1 . 1  
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ITEM 208 (Continued) 
Vapor passage pressure drop, 
i n ,  H20 
Drum speed, rpm 
Drum s ha f t  power , watts 
I n p u t  power w i t h  28 +4 vdc, watts 
Weight, l b  
Motor insu la t ion  res i s tance ,  megohms 
Motor d i e l e c t r i c  voltage,  v o l t  rms 
Proof pressure, ps  i g 
Burst pressure,  p s i  g 
AIRESEARCH MANUFACTURING COMPANY 





I O  
50 m i n i m u m  between terminals and 
case.  100 vol t s  dc po ten t i a l .  
1500 and 2.0 milliamperes maximum 
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ITEM 210  
VAPOR COMPRESSOR 
PURPOSE 
T h e  compressor provides t h e  vapor pressure r ise  necessary t o  assure  t h e  
temperature d i f f e r e n t i a l  needed  f o r  t r a n s f e r  of heat t o  t h e  l i q u i d  b r i n e  by 
condensation o f  the  vapor. 
DESCRIPTION 
T h e  vapor compressor is a two-stage vortex compressor driven by a b r u s h -  
less dc motor, T h e  ro tor  cons i s t s  of two s i n g l e  s i d e d  impellers.  
Compression is accomplished by imparting a ve loc i ty  head t o  t h e  vapor and 
t h e n  converting tha t  ve loc i ty  head in to  a pressure head. 
t h e  compressor t r ave l s  around t h e  p e r i p h e r y  o f  t h e  impeller w i t h i n  a horseshoe- 
shaped s t a t o r  channel. W i t h i n  t h e  channel, the vapor t r ave l s  along he1  ical  
s t reamlines  w i t h  t h e  c e n t e r l i n e  of the h e l i x  coinciding w i t h  t h e  cen te r  o f  t h e  
curved channel. T h i s  he l i ca l  flow pa t t e rn  causes the gas t o  pass through t h e  
i m p e l  ler  buckets many times whi  le i t  i s  passing through the compressor. 
T h e  vapor e n t e r i n g  
PERFORMANCE A N D  DESIGN REQUIREMENT 
I n l e t  vapor pressure, psia  I .045 
I n l e t  vapor temperature, OF 106.8 
Pressure r a t i o  I .588 
Vapor f low ra t e ,  lb/hr 1.38 
Shaft  speed, rpm 26,400 
Shaf t  power, watts 55 
Total i n p u t  power w i t h  
28 *4 vdc, watts 
80 
Proof pressure,  p s i  g 33 
Burst pressure,  ps i g 55 
Motor insu la t ion  res i s tance ,  megohms 50 m i n i m u m  between terminals and 
case w i t h  100 vol t s  dc po ten t i a l ,  
Motor d i e l e c t r i c  s t r eng th  voltage,  
vol t rms leakage be tween terminals and case 
1500 and 2.0 m i  1 1  iamperes maximum 
Weight, l b  8 
AIRESEARCH MANUFACTURING COMPANY 
Lo5 Angels. California 70-7048, Rev, I 
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ITEM 21 1 
RECUPERATOR-REACTOR 
PURPOSE 
The u n i t  p u r i f i e s  and s t e r i  1 i zes  t he  vapor a f t e r  i t  leaves t h e  vapor com- 
pressor  (210). Heating i s  accomplished w i t h i n  t h e  recupera tor  s e c t i o n  and 
ox ida t ion  of t he  t r a c e  contaminants i s  performed w i t h i n  the  pyro lys i s  r eac to r  
s e c t i o n .  S t e r i l i z a t i o n  of t he  vapor i s  e f f e c t e d  a t  t he  same time due t o  t h e  
high ope ra t i ng  temperature  of the  c a t a l y s t  bed. 
DESCRIPTION 
The u n i t  c o n s i s t s  o f  a high e f f e c t i v e n e s s  recupera tor  and a pyro lys i s  
r e a c t o r  s e c t i o n  conta in ing  an e l e c t r i c a l  h e a t e r  and a c a t a l y s t .  The recupera- 
t o r  has a t ubu la r  mult ipass  cross-counterf low arrangement w i t h  mul t ipass ing  
accomplished on t h e  s h e l l  s i d e  of t h e  tube. The r eac to r  c a t a l y s t  i s  a s e r i e s  
of s t a i n l e s s  s t e e l  wi re  s c r een  coated w i t h  rhodium. 
Cool vapor e n t e r s  t he  u n i t  and flows through the  she1 1 s i d e  of t h e  recup- 
e r a t o r  and i n t o  t h e  r eac to r  s ec t i on .  W i t h i n  t h i s  s e c t i o n ,  the  vapor is heated 
by an e l e c t r i c a l  hea te r .  The vapor next flows through the c a t a l y s t  where 
c a t a l y t i c  ox ida t ion  of  t h e  contaminants i s  accomplished. The c a t a l y s t  bed 
c o n s i s t s  of rhodium pla ted  s t a i n l e s s  s t e e l  s c r eens .  The hot vapor leaving 
the  c a t a l y s t  then flows back through t h e  recupera tor  i n s i d e  the  tubes before  
leaving t h e  u n i t .  A redundant e l e c t r i c a l  hea t e r  i s  provided w i t h i n  the  u n f  t .  
The recupera tor  and r eac to r  a r e  enclosed by a vacuum-jacketed o u t e r  she1 1, 
W i t h i n  the  vacuum enc losure  a r e  i n s t a l  led about 10 layers  of fo i  1 r a d i a t i o n  
i n su l a t i  on separa ted  by f i b e r g l a s s  shee t s  t o  reduce r ad i an t  heat  loss .  
PERFORMANCE AND DESIGN REQUIREMENTS 
Flow r a t e ,  Ib/hr 1.38 
I n l e t  vapor pressure ,  ps ia  1.65 
Pressure  drop across  u n i t ,  i n .  H2° 2.6 maximum a t  flow of 1.38 lb/hr  
Temperature, O F  
Cold s i d e  i n l e t  119 
Hot s i d e  i n l e t  800 
Hot s i d e  o u t l e t  1 54 
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles, Californ~a 
70-7018, Rev. I 
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I TEM 2 1 1 (Cont i nued) 
Recuperator e f f e c t i  veness 
Reactor hea te r  power, wa t ts  
Heat leak, B tu /h r  
Weight, l b  
Proo f  pressure, p s i g  
Bu rs t  pressure, p s i  g 
0.95 m i  nirnurn 





AIRESEARCH MANUFACTURING COMPANY 
Los Angeles. Calliornia 





T h i s  sensor  measures t h e  temperature i n  t h e  pyrolysis reactor  s e c t i o n  of 
the reactor-recuperator u n i t  (21 I )  and provides the control s i g n a l  t o  t h e  
temperature c o n t r o l l e r  (215) which con t ro l s  t h e  e l e c t r i c a l  power i n p u t  t o  the 
pyrolysis reac tor  heater.  Two sensors a r e  used i n  p a r a l l e l  t o  provide redundancy. 
DESCRIPTION 
T h e  sensor  i s  bas i ca l  l y  a res i s t ance  sensor  wi  t h  res i s  tance change propor- 
t ional  t o  temperature change. T h e  sensor forms the measured branch of a r e s i s t -  
ance bridge i n  t h e  c o n t r o l l e r  (215). 
f o r  display.  
T h e  s igna l  from t h i s  sensor i s  a l s o  used 
PERFORMANCE AND DESIGN REQUIREMENTS 
Operating temperature range, O F  500 to  1000 
Accuracy, OF + I  0 
I n s  u 1 a t i on res i s t a  nce be  tween 
terminals and sensor  housing, 
megohms 
D i e l e c t r i c  voltage,  vac (rms) 
Weight ,  l b  
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles, California 
100 m i n i m u m  a t  100 vdc 
500 a t  60 cps 
0. I 





T h e  temperature c o n t r o l l e r  is used i n  conjunct on w i t h  a temperature 
sensor  (214) and t h e  reactor  heater  t o  maintain the vapor w i t h i n  t h e  pyrolysis  
reactor  s ec t ion  of t h e  reactor-recuperator  u n i t  (21 ) a t  800OF. T h e  c o n t r o l l e r  
converts a temperature e r r o r  s igna l  from an in te rna l  r e s i s t ance  bridge in to  a 
power s igna l  f o r  ac t iva t ing  o r  deac t iva t ing  t h e  pyrolysis  reac tor  e l e c t r i c a l  
heater.  
DESCRIPTION 
The c o n t r o l l e r  employs s o l i d  s t a t e  components and bas i ca l ly  cons i s t s  of a 
res i s tance  e r r o r  b r i d g e  and a switching output power c i r c u i t .  
t h e  b r i d g e  is formed by t h e  external  temperature sensor  (214) .  
One branch of 
The c o n t r o l l e r  suppl ies  dc power t o  t h e  hea te r  w h e n  a d i f f e rence  e x i s t s  
between t h e  reference temperature, 8OO0F, and t h e  sensed vapor temperature. 
When t h e  d i f fe rence  is e s s e n t i a l l y  zero, dc power i n p u t  t o  the hea ter  i s  
i nterrupted. 
A h i g h  temperature l i m i t  c i r c u i t  (90OoF l i m i t )  is incorporated i n  t h e  con- 
t r o l l e r  t o  prevent a continuous output power condi t ion i n  t h e  e v e n t  of a f a i l -  
ure of t h e  s w i  tching ci  rcui t. 
PERFORMANCE AND DESIGN REQUIREMENT 
Con t ro 1 temp e ra t u  re, F 800 
Control range, O F  770 t o  830 
Upper temperature 1 i m i  t ,  OF 900 
O u t p u t  power, watts 30 maximum w i t h  28 24 vdc 
I n p u t  power, watts 40 maximum w i t h  28 +4 vdc 
Weight ,  l b  0,6 
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles, Calllorma 70-7018, Rev. I 
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ITEM 217 
MANUAL SHUTOFF VALVE 
PURPOSE 
T h i s  valve is used - in  t h e  vapor loop t o  i s o l a t e  i t  from t h e  b r ine  loop. 
T h i s  valve is s i m i l a r  t o  t h e  common -C valve except f o r  l i n e  s i ze .  
DESCRIPTION 
T h e  valve contains a manual ly-operated poppet t o  r e s t r i c t  t h e  flow through 
t h e  u n i t .  T h e  poppet is i n t e g r a l l y  connected t o  a bellows t h a t  serves  as a 
s t a t i c  and dynamic sea l  f o r  p r e v e n t i n g  external  leakage. A quar te r  t u r n  of t h e  
handle is  required t o  move the poppet from t h e  fu l l -c losed  pos i t ion  t o  the f u l l -  
open pos i t ion .  
PERFORMANCE AND DESIGN REQUIREMENTS 
Operating pressure,  p s i g  
In le t  temperature, OF 
Flow r a t e  a t  1.09 psia  and 
I O O ° F  water vapor, l b / h r  
Proof pressure,  p s i  g 
Burst pressure, ps  i g 
L i n e  s i z e ,  inch 
Operat i ng torque, 1 b- i n e  
Weight ,  l b  
AIRESEARCH MANUFACTURING COMPANY 
Los Angels. California 
15 max across valve por t s .  
Normal 0.5 psia w i t h  5 psia cabin 
40 t o  150 
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ITEM 21 8 
POWER SWITCH 
PURPOSE 
T h e  s w i t c h  a l l o w s  a c t i v a t i o n  of t h e  v a p o r  c o m p r e s s o r  (210) a n d  t h e  
r e c u p e r a t o r - r e a c t o r  (2 I I ) e  
DESCRIPTION 
T h e  s w i t c h  is a s i n g l e - p o l e  d o u b l e - t h r o w  h e r m e t i c a l l y - s e a l e d  t o g g l e  
s w i t c h  w i t h  p a n e l  m o u n t i n g  p r o v i s i o n .  
PERFORMANCE AND DESIGN REQUIREMENTS 
d 
V o l t a g e  r a t i n g ,  v o l t s  d c  
Current r a t i n g ,  amps 
Type  c o n n e c t o r  
Weigh t ,  l b  
AIRESEARCH MANUFACTURING COMPANY 
Lo5 Angeles. California 
35 maximum 
I O  maximum 
PTIH B e n d i x  t y p e  o r  MS e q u i v a l e n t  
0. I 
70-7018,  Rev. I 
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ITEM 229 
P RES S URE REG ULATOR 
PURPOSE 
T h e  u n i t  con t ro l s  t h e  pressure i n  t h e  water recovery loops by regula t ing  
t h e  noncondensible gas vent pressure from t h e  heater-condenser (206), 
used t o  control water reclamation rate,, 
DES C RI PTI  O N  
I t  is 
T h e  u n i t  contains an aneroid-operated metering valve which opens to  v e n t  
noncondensible gases and water vapor to  maintain a v e n t  pressure b e t w e e n  0,5 
and 2.5 psia.  The v e n t  pressure is s e l e c t a b l e  by means of a screw a t tached  
t o  the top of the aneroid element. 
PERFORMANCE AND DESIGN REQUIREMENTS 
Operating f l u i d  Noncondens i b 1 e gases ( i  nc 1 u d e s  
C02, CO,  and 0 ) and water vapor 
2 
Regulated pressure, psia 
Maximum pressure, ps ia 
Flow rate ,  lb/hr 
Leakage, sccm 
Proof pressure,  ps i g 
Burst  pressure,  ps i g 
Line s i z e ,  i n .  
Weight ,  l b .  
AIRESEARCH MANUFACTURING COMPANY 
Lo5 Angeles. Calrtornia 
Se lec t ab le  between 0.5 and 2 ,5  
14.7 psia ex terna l  w i t h  0.3 psia 
i n t e rna l .  
0.2 to  0.4 
2 sccm a t  v e n t  pressure of 2.5 
psia ,  discharge of 0.1 psia,  and 
ambient pressure of 7 psia 
23 ex terna l  pressure 
38 externa 1 pressure 
I / 4  
I 





This valve permits slow depressur iza t ion  of t h e  en t i re  water reclamation 
u n i t  upon s t a r t u p .  T h e  r a t e  of pressure decrease i n  the system is con t ro l l ed  
a t  a very low value t o  p r e v e n t  foaming ( w h i c h  would cause l i q u i d  entrainment) 
i n  t h e  phase sepa ra to r  (208). 
DESCRIPTION 
T h e  valve is a manually operated needle valve w i t h  flow capac i ty  l i m i t e d  
by  an o r i f i c e  b u i l t i n  t o  t h e  valve body. 
w i l l  l i m i t  t h e  vapor loop pressure decay t o  0.5 p s i  per m i n u t e .  When the d e -  
s i r e d  operat ing pressure i s  reached the valve i s  closed and t h e  condenser 
pressure regulator  (229) i s  ac t iva t ed .  
I n  t h e  f u l l  open pos i t ion  valve flow 
PERFORMANCE A N D  DESIGN DATA 
Operating pressure,  psia  
In le t  temperature, OF 
Proof pressure,  p s i g  
Burst pressure,  p s i  g 
L i n e  s 
Operat 
W e i g h t  
ze, i n .  
ng torque, i n . - l b  
l b  
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles. California 
0 t o  14.7 
40 t o  150 
80 








This item is identical to Item 113-D. 
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles. California 
70-7018, Rev. I 
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ITEMS 235 AND 236 
DENSITY CONTROL SOURCE AND DETECTOR 
PURPOSE 
Th is  sensor  measures t h e  s o l i d s  c o n c e n t r a t i o n  o f  t h e  u r i n e  b r i n e  i n  t h e  
phase separa to r  (208) and prov ides  the  c o n t r o l  s i g n a l  t o  t h e  b r i n e  loop con- 
t r o l l e r  (239) which opera tes  a b r i n e  dump s o l e n o i d  v a l v e  (240) i n  t h e  concen- 
t r a t i o n  c o n t r o l  loop. 
DESCRIPTION 
The sensor  c o n s i s t s  o f  a sh ie lded,  low gamma e m i t t i n g  r a d i a t i o n  source  
(235) and a r a d i a t i o n  d e t e c t o r  (236). The r a d i a t i o n  source i s  Americium 241 
and i s  mounted on one s i d e  o f  t h e  separa to r  housing. On t h e  o p p o s i t e  s i d e  o f  
t h e  separa to r  hous ing  a r e  l oca ted  four  Geiger  M u e l l e r  (GM) tube d e t e c t o r s .  
The d e t e c t o r  senses t h e  v a r i a t i o n  i n  a t t e n u a t i o n  o f  gamma r a d i a t i o n  caused 
by v a r i a t i o n  i n  t h e  b r i n e  d e n s i t y .  The count  r a t e  o f  t he  s i g n a l  pu lses f rom 
t h e  GM tubes decreases as t h e  b r i n e  c o n c e n t r a t i o n  increases.  
PERFORMANCE AND D E S I G N  REQUIREMENTS 
R a d i a t i o n  source, m i l l i c u r i  100 pe r  source 
Number o f  r a d i a t i o n  source  One 
Number o f  GM d e t e c t o r  tubes Four 
B r i n e  c o n c e n t r a t i o n  range, percent  17 t o  50 normal. 3 t o  60 
o f  s o l  i d s  maximum 
Separa tor  b r i n e  l e v e l ,  cc 100 t o  800 
Opera t ing  temperature, OF 40 t o  150 
Accuracy, percent  o f  s o l  i ds  
concent r a  t i on 
i2 a t  a cons tan t  b r i n e  l e v e l  
i n  t h e  separa to r  
Normal separa to r  l e v e l ,  cc 750 cc 
Approximate separa t i o n  between 
r a d i a t i o n  source and GM tubes, 
i nc hes 
5 
Weight, l b  0.6 
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles, California 
70-7OJ8, Rev, I 
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ITEMS 237 AND 238 
LEVEL CONTROL SOURCE AND DETECTOR 
PURPOSE 
These i tems measure t h e  l e v e l  o f  t h e  u r i n e  b r i n e  i n  t h e  phase s e p a r a t o r  
(208) and p r o v i d e  t h e  c o n t r o l  s i g n a l  t o  t h e  b r i n e  l oop  c o n t r o l l e r  (239) which 
operates a feed  c o n t r o l  s o l e n o i d  v a l v e  (240-8) i n  t h e  l e v e l  c o n t r o l  loop. 
DESCRIPTION 
The sensor c o n s i s t s  o f  a sh ie lded ,  low gamma e m i t t i n g  r a d i a t i o n  source 
The r a d i a t i o n  source i s  Americium 241 (236) and a r a d i a t i o n  d e t e c t o r  (238). 
and i s  mounted on one s i d e  o f  t h e  s e p a r a t o r  housing. On t h e  o p p o s i t e  s i d e  o f  
t h e  s e p a r a t o r  housing i s  l oca ted  a Geiger M u e l l e r  (GM) tube d e t e c t o r .  Th is  
d e t e c t o r  senses t h e  v a r i a t i o n  i n  a t t e n u a t i o n  of gamma r a d i a t i o n  caused by 
v a r i a t i o n  i n  t h e  v a p o r - l i q u i d  i n t e r f a c e  and t h e  b r i n e  d e n s i t y .  When t h e  l i q u i d  
l e v e l  increases, t h e  count r a t e  of t he  s i g n a l  pu lses f rom t h e  GM tube decreases 
by a p r o p o r t i o n a l  amount. 
PERFORMANCE AND D E S I G N  REQUIREMENTS 
R a d i a t i o n  source, m i l l i c u r i  
Number o f  r a d i a t i o n  sources 
f o r  l e v e l  measurement 
Number o f  GM d e t e c t o r  tube 
B r i n e  concen t ra t i on ,  pe rcen t  o f  
s o l  ids 
Separator  b r i n e  l e v e l ,  cc 
Opera t i ng  temperature, O F  
Output p u l s e  f rom GM tube 
Accuracy, percent  o f  l e v e l  
Approximate s e p a r a t i o n  between 
r a d i a t i o n  source and GM tube, 
i nc hes 
Weight, l b  
AIRESEARCH MANUFACTURING COMPANY 
Lo5 Angeles. California 
30 pe r  source 
Two 
One 
17 t o  50 normal. 3 t o  60 max 
I O 0  t o  800 
40 t o  150 
Count r a t e  e q u i v a l e n t  t o  140 t o  
440 cps co r respond ing  t o  a sepa- 
r a t o r  l e v e l  o f  800 t o  150 cc 
( i n v e r s e  f u n c t i o n )  e Refer t o  
l e v e l  c o n t r o l l e r  c a l i b r a t i o n  
curve. 
k 3  a t  a cons tan t  . b r i ne  d e n s i t y  
5 
0.4 t o t a  1 
70-7018, Rev, I 
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ITEM 239 
B R I N E  LOOP CONTROLLER 
PURPOSE 
This u n i t  uses t h e  s i g n a l s  from t h e  s epa ra to r  dens i ty  and l e v e l  sensors  
t o  manage t h e  f l u i d  inventory i n  t h e  b r i n e  loop. T h e  con t ro l l e i  a c t i v a t e s  t h e  
b r ine  dump valve and t h e  u r ine  feed valves (240-8); a l s o  i t  provides power t o  
t h e  phase sepa ra to r  motor. 
c o n t r o l l e r  w i t h  the i n p u t s  t o  s igna l  valve (243) shut  i f  t h e  s epa ra to r  l i q u i d  
l e v e l  were t o  exceed a maximum l i m i t .  
T h e  l e v e l  sensor  (237 and 238) a l s o  provides t h e  
DESCRIPTION 
T h e  c o n t r o l l e r  b a s i c a l l y  employs ampl i f ie r -d iscr imina tor ,  i n t eg ra to r  and 
comparator c i r c u i t s  t o  control  t h e  sequence f o r  opening and c los ing  t h e  b r ine  
dump and ur ine  feed valve i n  t h e  following sequence, 
T h e  u r i n e  feed valve w i l l  b e  opened t o  maintain t h e  s epa ra to r  l e v e l  a t  
750 cc when  t h e  b r i n e  concentrat ion is be tween 0 and 25 percent.  When t h e  
b r ine  concentrat ion reaches 25 percent the ur ine  feed valve w i l l  remain closed 
u n t i l  t h e  concentrat ion increases  t o  50 percent .  Brine l e v e l  i n  t h e  s epa ra to r  
w i l l  t h e n  drop t o  about 280 cc. A t  t ha t  point  t h e  b r ine  dump valve w i l l  open 
and remained opened u n t i  1 t h e  s epa ra to r  l e v e l  reaches i t s  m i n i m u m  operat ing 
l e v e l  of 150 cc. T h e  b r ine  dump w i l l  t h e n  s t o p  and t h e  level c o n t r o l l e r  w i l l  
take command t o  r e f i l l  t h e  s epa ra to r .  The b r ine  concentrat ion i n  t h e  loop 
w i l l  t h e n  be  17 percent.  Cyclic operat ion be tween 17-25-50 percent t h e n  
proceeds. 
PERFORMANCE A N D  D E S I G N  DATA 
I n p u t  s igna l  from concentrat ion 0 t o  X proportional t o  0 t o  60 
control  l e r ,  vo l t s  dc percent so l  ids concentrat ion.  
X is t o  b e  determined. 
I n p u t  power w i t h  ex te rna l  feed 25 maximum a t  28 24 v d c  i n p u t  
control  solenoid valve energized, 
wat ts  
O u t p u t  power t o  feed control  
solenoid valve,  watts 
6 maximum a t  28 +4 vdc  
Operat i ng temperature, O F  0 t o  160 
Weight ,  l b  3 
AIRESEARCH MANUFACTURING COMPANY 
Los Angeler. California 
70-7018, Rev, I 
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ITEM 240-8 
SOLENOID SHUTOFF VALVE 
(SEE ITEM 107-8) 
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles. California 
70-7018, Rev I 
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ITEM 241 
BRINE STORAGE TANK 
PURPOSE 
The b r i n e  s to rage  t a n k  i s  used t o  s t o r e  h i g h  c o n c e n t r a t i o n  u r i n e  b r i n e  
removed from t h e  u r i n e  water  recovery  system. The t a n k  i s  s i z e d  t o  h o l d  t h e  
90-day b r i n e  p r o d u c t i o n  (94.0 l b  o f  50 percent  s o l i d s  b r i n e )  b e f o r e  rep lace-  
ment. 
DES C R I  PTI 0 N 
3 
The t a n k  i s  c y l i n d r i c a l  and has a volume o f  1.51 f t  a The tank  pressure  
i s  ma in ta ined  lower  than  t h e  b r i n e  pressure  i n  t h e  u r i n e  water  recovery  sub- 
system t o  a l l o w  removal o f  b r i n e  f rom t h e  subsystem when t h e  b r i n e  concentra-  
t i o n  reaches 50 percent .  N i t r o g e n  i s  used t o  p r e s s u r i z e  t h e  tank  b ladder .  
PERFORMANCE AND D E S I G N  REQUIREMENTS 
I .51 (max) 3 Storage capac i t y ,  f t  
Tank gas pressure,  p s i a  4 
B r i n e  temperature range, OF 70 - 150 
B r i n e  concen t ra t i on ,  percent  50 - 55 
165 on N s i d e  
2 
165 on b r i n e  s i d e  
Proof p ressure  ( I  .5 t imes max 
pressure  o f  I I O  ps ig ) ,  p s i g  
275 on N s i d e  
2 
275 on b r i n e  s i d e  
Burs t  p ressure  (2.5 t imes max 
pressure  o f  I I O  ps ig ) ,  p s i g  
Maximum i n f l o w  ra te ,  l b / h r  5 
Envelope, i n .  12 1/2 d i a  x 28 
Weight, l b  12 empty 
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles. California 
70-7018, Rev. I 
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ITEM 242 
BRINE PRESSURE REGULATOR 
PURPOSE 
The u n i t  r e g u l a t e s  t h e  gas p ressu re  f o r  waste b r i n e  t a n k  p r e s s u r i z a t i o n .  
The t a n k  p ressu re  i s  c o n t r o l l e d  below t h a t  o f  t h e  r e c i r c u l a t i n g  b r i n e  loop t o  
i n s u r e  t h e  t r a n s f e r  o f  waste b r i n e  f rom t h e  l oop  t o  t h e  waste b r i n e  tank.  
DESCRIPTION 
The u n i t  c o n s i s t s  o f  an a b s o l u t e  p ressu re  r e g u l a t o r  vented t o  vacuum. 
The p ressu re  r e g u l a t o r  c o n t a i n s  an anero id-operated m e t e r i n g  v a l v e  which 
ma in ta ins  t h e  b r i n e  t a n k  p ressu re  a t  4 p s i a  nominal. 
PERFORMANCE AND DESIGN REQUIREMENTS 
Opera t i ng  f l u i d  
I n l e t  p ressu re  range, p s i g  
Regulated pressure,  p s i a  
Flow, l b / h r  
Leakage ( i n t e r n a l ) ,  sccm 
Proof pressure,  ps i g  
Bu rs t  pressure,  p s i g  
L i n e  s i z e ,  i n .  
Weight, l b  
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles. California 
Gaseous n i t rogen 
85 t o  115 
4 rtl 
4 t o  8 a t  i n l e t  o f  85 p s i a  
2 a t  vent  o f  0.1 p s i a  and 
sensed p ressu re  o f  6.0 p s i a  
210 a t  i n l e t  
350 a t  i n l e t  
114 
I 
70-7018, Rev. I 
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ITEM 2 4 3  
SOLENOID SHUTOFF VALVE 
This  i t e m  i s  i d e n t i c a l  t o  i t e m  240-8 except t h a t  t h e  v a l v e  i s  opened 
i n  t h e  deenergized c o n d i t i o n .  
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles. California 





The u n i t  senses t h e  pH o f  t h e  water  drawn f rom t h e  heater-condenser (206) 
p r i o r  t o  d e l i v e r y  t o  t h e  rec la imed water  tank.  The sensor i s  used i n  conjunc- 
t i o n  w i t h  a s i g n a l  c o n d i t i o n i n g  c i r c u i t  i n  t h e  p u r i t y  m o n i t o r  u n i t  (304)  t o  
p r o v i d e  s i g n a l s  f o r  v i s u a l  d i s p l a y  and a la rm equipment. 
DESCRIPTION 
The pH sensor i s  a combinat ion probe c o n t a i n i n g  a r e f e r e n c e  and sensing 
e l e c t r o d e  which measures t h e  hydrogen i o n  c o n c e n t r a t i o n  i n  t h e  rec la imed water .  
The sensing e l e c t r o d e  c o n s i s t s  o f  an i n t e r n a l l y  sea led  tube  w i t h  a m e t a l l i c  
e l e c t r o d e  and an e x t e r n a l  tube c o n t a i n i n g  e l e c t r o l y t e  which c o n t a c t s  t h e  e l e c -  
t rode .  The r e f e r e n c e  e l e c t r o d e  i s  a s i l v e r - s i l v e r  c h l o r i d e  element which i s  
i n  c o n t a c t  w i t h  a r e f e r e n c e  s o l u t i o n  o f  s a t u r a t e d  potassium c h l o r i d e .  B a s i c a l l y ,  
pH measurement i s  accompl ished by  measur ing t h e  p o t e n t i a l  developed between t h e  
rec la imed water  sample and t h e  potassium c h l o r i d e  s o l u t i o n .  
PERFORMANCE AND DESIGN REQUIREMENTS 
Reclaimed water  f low,  l b / h r  0.5 t o  1.5 
pH measurement range 4 t o  I O  
Alarm a c t i v a t i o n  l i m i t ,  pH Above 9 and below 5 
Accuracy, percent  o f  f u l l  s c a l e  f3 o v e r  4 t o  I O  pH range 
Opera t i ng  temperature, OF 40 t o  150 
Opera t i ng  pressure,  p s i a  0.3 t o  15, 0.3 t o  2.5 normal 
P roo f  pressure,  p s i  g 
Burs t  pressure,  p s i g  
23 w i t h  h i g h  p ressu re  on o u t s i d e  
o f  u n i t .  A l s o  33 i n s i d e  o f  u n i t ,  
Weight, I b  0.2 
38 w i t h  h i g h  p ressu re  on o u t s i d e  
o f  u n i t .  A l s o  55 i n s i d e  o f  u n i t  
AIRESEARCH MANUFACTURING COMPANY 
10s Angeles, California 





Th is  u n i t  senses t h e  s p e c i f i c  conductance l e v e l  o f  t h e  water  drawn f rom 
t h e  heater-condenser (206 )  p r i o r  t o  d e l i v e r y  t o  t h e  rec la imed water  t a n k  ( 3 0 8 ) .  
The sensor i s  used i n  c o n j u n c t i o n  w i t h  a s i g n a l  c o n d i t i o n i n g  c i r c u i t  i n  t h e  
p u r i t y  m o n i t o r  u n i t  (304 )  t o  p r o v i d e  s i g n a l s  f o r  v i s u a l  d i s p l a y  and t h e  a la rm 
equ i pment 
DESCRIPTION 
C y l i n d r i c a l  m e t a l l i c  con tac ts  a r e  i n s t a l l e d  a t  each end of  a non -meta l l i c  
non-conduct ing tube i n  which t h e  water  f l o w s .  The con tac ts  a r e  w i r e d  t o  another  
t o r o i d a l  p i c k  up t o  complete t h e  c i r c u i t .  The o n l y  p o r t i o n  o f  t h e  ins t rument  
i n  c o n t a c t  w i t h  the  water  i s  t h e  non-meta l l i c  tube. 
PERFORMANCE AND D E S I G N  REQUIREMENTS 
Reclaimed water  f low,  l b / h r  
C o n d u c t i v i t y  range, micromhos per  cm 
Accuracy, pe rcen t  o f  f u l l  s c a l e  
Opera t ing  temperature, OF 
Opera t ing  pressure, ps a 
Alarm a c t i v a t i o n  l i m i t  
Micromho pe r  cm 
Micromho/cm-min 
Proof  pressure, p s i  g 
B u r s t  pressure, ps i g 
Weight, l b  
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles, California 
0.5 t o  1.5 
0 t o  1000 
+3 over  c o n d u c t i v i t y  range 
40 t o  150 
0.3 t o  15, 0.3 t o  2.5 norma 
Above 850 
To be determined 
23 w i t h  h i g h  pressure  on o u t s i d e  
o f  u n i t ,  A l s o  33 i n s i d e  o f  u n i t .  
38 w i t h  h i g h  pressure  on o u t s i d e  
o f  u n i t .  A l so  55 i n s i d e  o f  u n i t .  
0.2 





Th is  i ns t rumen t  measures t h e  t o t a l  d i s s o l v e d  o rgan ics  con ten t  o f  t h e  
rec la imed  water .  
DESCRIPTION 
This  i t e m  i s  an o n - l i n e  i ns t rumen t  based on t h e  u l t r a v i o l e t  a b s o r p t i o n  o f  
o r g a n i c  compounds. I t  c o n s i s t s  o f  a UV sou rce  and a m o n i t o r  which measures 
t h e  q u a n t i t y  o f  UV pass ing  th rough  t h e  i r r a d i a t e d  water  stream. The o u t p u t  
f rom t h e  m o n i t o r  i s  l i n e a r  w i t h  t h e  absorbance of u l t r a v i o l e t  r a d i a t i o n  i n  t h e  
254 m i l l i m i c r o n  wave leng th .  The absorbance i n  t u r n  i s  p r o p o r t i o n a l  t o  t h e  
d i s s o l v e d  o r g a n i c  c o n t e n t  i n  t h e  water .  
PERFORMANCE AND D E S I G N  DATA 
Reclaimed water  f low, l b / h r  0.5 t o  1.5 
Opera t i ng  temperature,  O F  40 t o  100 
Opera t i ng  pressure,  p s i a  0.3 t o  15 
Proof pressure, p s i  g 25 
B u r s t  pressure,  ps i g 50 
Weight, l b  I .o 
AIRESEARCH MANUFACTURING COMPANY 
Lo5 Angeler. California 





The unit provides power to the pH sensor ( 3 0 1 ) ,  conductivity sensor ( 3 0 2 ) ,  
and organics monitor ( 3 0 3 )  and conditions the output signal from the sensors 
for use in display meters for activation of the diverter valve (306), and 
activation of alarm circuits. The unit activates the diverter valve when the 
water quality is below the limit established for a particular parameter. 
DESCRIPTION 
. The unit employs solid-state components. Voltage regulators, signal 
amplifiers, alarm circuits, and an output valve override circuit comprise the 
unit. Regulated dc signals are supplied to the interfacing sensors and the 
return signals are converted to appropriate waveshapes and amplified for use 
in remote display meters. Upon detection of any of the signals exceeding a 
level corresponding to substandard reclaimed water, the unit provides dc power 
to the remote diverter valve which diverts the water to a bypass circuit for 
reprocessing. Simultaneously, an alarm signal is applied to a warn ng light. 
Display meters are provided on the unit to monitor pH, conduct 
organics content of the reclaimed water. 
PERFORMANCE AND DESIGN REQUIREMENTS 
Input power with zero output to 
warning light and diverter valve, 
watts 
Input power with power applied to 
warning light and diverter valve, 
watts 
vity and 
I O  maximum with 28 +4 vdc input 
17 maximum with 2 8  +4 vdc input 
Output voltage for display meters, 0 to 5 across 30K ohm load 
volts dc 
Accuracy, percent of full scale +2 over range of input signal 
Output impedance o f  meter circuit, IO0 maximum 
ohms 
Warning and alarm circuit function Grounds 28 vdc return side of 
warning light and alarm relay 
when poor water quality con- 
dition is detected 
Weight, lb 
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles. California 
2 





The unit is instal led between the water recovery heater-condenser (206) 
and the cyclic accumulator (313) to achieve effective sterilization of the 
water withdrawn from the condenser at the uniform flow rate. 
DESCRIPTION 
In operation, the si lver-ion generator transports si lver ions through the 
reclaimed water flowing through the generator. The microorganisms are killed 
by the germicidal properties of silver ions. Two silver electrodes are placed 
in the flow stream, and a potential is maintained across them by a silver-oxide 
battery. Silver ions are thus transported through the water from the silver 
anode to the silver cathode. A small quantity of silver is entrained by the 
water. 
The body of the ion generator is of aluminum construction. Aluminum and 
silver form an electrolytic cell in which the silver becomes the positive 
electrode (anode). 
trically isolated from the aluminum system which is considered to be the ground,, 
to prevent undesirable electrical currents, corrosion, and plating out of silver 
I ons a 
Both silver electrodes, i .e$, anode and cathode, are elec- 
To avoid complete electrical isolation of the cell, the silver anode is 
grounded through a high resistance (22 megohm). 
ally flow from the silver anode to the aluminum ground is then effectively 
nulled by current flowing from the battery to the anode, Corrosion of the 
aluminum portions of the cell is inhibited,, but the aluminum is maintained 
slightly anodic and tends to repel deposition or reduction of the ionic silver 
produced at the anode. 
with ammeter connections and/or a switch, a trickle current (about 0.2 va) 
always flows between the anode and cathode and the condition of zero current 
flow between the anode and ground is maintained even if the cell is essentially 
in an off status. The cathode is completely insulated to avoid any contact 
with the ground. Cell design minimizes any interaction between the aluminum 
ground and the silver cathode. 
The current which would norm- 
By placing another resistor (22 megohm) in parallel 
A regulated small current drain is required for extended period up to 
one year. This dictates the use of a battery with a very stable voltage output. 
Flight units will be equipped with silver oxide battery (Union Carbide, Eveready 
No. 301, 100mAH,, 4 . 5  v). 
life of more than one year under a continuous current drain of IO ba. 
These batteries, rated at 100 AH, will have a service m 
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles. California 
' 70-7018, Rev. I 
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ITEM 305 
PERFORMANCE AND DES I GN REQUIREMENT 
Flow c a p a c i t y  
Normal o p e r a t i n g  p ressu re  
Maxi mum p ressu re  
B a t t e r y  v o l t a g e  
B a t t e r y  average c u r r e n t  
Opera t i ng  temperature 
P r o o f  pres s u r e 
B u r s t  p ressu re  
Weight 
AIRESEARCH MANUFACTURING COMPANY 
Lo5 Angeles, California 
3 t o  12 cc/min w i t h  7.6 cc/min 
nominal r a t e  
0.3 t o  2.5 p s i a  w i t h  5 t o  7 p s i a  
, e x t e r n a l  p ressu re  
15 p s i a  e x t e r n a l  and 0.3 p s i a  
i n t e r n a  1 
4.5 v o l t s  
To be determined 
40 t o  I 50°F 
23 p s i g  e x t e r n a l  pressure.  A l s o  
33 p s i g  i n t e r n a l  pressure.  
38 p s i g  e x t e r n a l  pressure.  A l s o  
55 p s i g  i n t e r n a l  pressure.  
0.7 l b  





This valve is used in conjunction with the water purity controller (304 )  
to prevent contaminated reclaimed water from flowing to the reclaimed water 
tanks. When energized, the valve directs the flow of contaminated water to 
the urine supply tank for reprocessing. 
DESCRIPTION 
The valve has one inlet and two outlet ports. Liquid flow is from the 
inlet to either one of the outlet ports. Switching from one outlet port to 
the other is accomplished by a solenoid actuated device. 
In the normal mode of operation, the valve is spring-loaded in a position 
that allows water flow to the reclaimed water tank. Power is automatically 
supplied to the valve by the alarm-controller when a contaminated water condi- 
tion is detected. 
PERFORMANCE AND DESIGN REQUIREMENTS 
Eff 1 uent 
Flow rate, lb/hr 
Inlet pressure, psig 
Operating power (28 24 vdc input), 
watts 
Operat i ng temperature range, O F  
Proof pressure, psi g 
Burst pressure, ps i g 
Weight, Ib 
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles. California 
water 
150 Ib/hr at 0.5 psi maximum AP 
37 max 
6 maximum 








(SEE ITEM 115-E) 
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles. California 
70-7018, Rev. I 
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ITEM 308 
RECLAIMED WATER STORAGE TANK 
PURPOSE 
T h e  reclaimed water tank is used t o  s t o r e  water condensate obtained 
d i r e c t l y  from the  ur ine  water recovery subsystem. 
tank i s  used f o r  bac te r i a l  t e s t i n g  w h i l e  t h e  second tank is  used fo r  receiv- 
i n g  and checking the  water production r a t e .  Each tank is  s ized  f o r  s to rage  
of 20- lb  o f  water.  
Two tanks a r e  used; one 
DESCRIPTION 
3 T h e  tank is cy l ind r i ca l  and has a usable volume of 0.33 f t  e Expulsion 
of water is  provided by a bladder pressurized w i t h  30 psig ( r e l a t i v e  t o  cabin 
pressure)  ni t rogen.  When t h e  tank i s  f i l l e d ,  t h e  bladder is  f u l l y  col lapsed.  
PERFORMANCE AND DESIGN REQUIREMENTS 
0.33 3 Storage capaci ty ,  f t  
Storage capaci ty ,  l b  20 
Expuls ion gas pressure,  ps i g  28 t o  3 2  
Expulsion'gas r e l i e f  pressure,  psig 37 
Maximum pressure due t o  open f a i l u r e  110 
of pressure regula tor ,  ps i g  
Water temperature range, O F  40 t o  150 
Proof pressure ( I  .5 times rnax press o f  I I O  ps  i g )  
Water s ide ,  psig I65 
Nitrogen s i d e ,  psi g I65 
Burst pressure (2.5 times max press 275 psia 
of 1 1 0  psig)  
Weight, l b  6 l b  empty 
Max inflow ra t e ,  lb/hr 4 
AIRESEARCH MANUFACTURING COMPANY 
Los Angeler, Calilornia 
70-7018, Rev. I 
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ITEM 309 
MANUAL SHUTOFF VALVE 
(SEE ITEM 112-C) 
AIRESEARCH MANUFACTURING COMPANY 
Lo5 Angeler. Cahfornla 
70-7018, Rev. I 
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I T E M  31 0-A 
CHECK VALVE 
( S E E  ITEM I 06-A) 
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles. California 
70-7018, Rev. I 
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I T E M  31 I - D  
QUICK-DISCONNECT 
( S E E  I T E M  1 1 3 - D )  
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles, California 70-7018, Rev. I 
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ITEM 31 2 
PRESSURE REGULATOR- RELI E F 
PURPOSE 
The u n i t  p rov ides  r e g u l a t e d  n i t r o g e n  p ressu re  t o  t h e  rec la imed  water t a n k  
(308) f o r  p o s i t i v e  e x p u l s i o n  and t r a n s f e r  o f  t h e  rec la imed  water  s p a c e c r a f t  
water  supply .  A r e l i e f  v a l v e  i s  i n c o r p o r a t e d  t o  p reven t  o v e r p r e s s u r i z a t i o n  of 
t h e  rec la imed water  tank.  
DESCRIPTION 
The u n i t  c o n s i s t s  o f  a d i f f e r e n t i a l  p ressu re  r e g u l a t o r  and a r e l i e f  v a l v e .  
The p ressu re  r e g u l a t o r  c o n t a i n s  a normally-open, diaphragm-operated poppet 
m e t e r i n g  va l ve .  As 'pressure i s  a p p l i e d  t o  t h e  normal ly-open valve, t h e  down- 
s t ream p ressu re  o f  t h e  v a l v e  i s  sensed across t h e  diaphragm which t h r o t t l e s  
t h e  m e t e r i n g  v a l v e  t o  m a i n t a i n  t h e  downstream p ressu re  a t  30  22 p s i g  ( r e l a t i v e  
t o  c a b i n ) .  
The r e l i e f  v a l v e  i s  l o c a t e d  i n  t h e  o u t l e t  chamber of  t h e  u n i t .  I t  vents  
excess p ressu re  i n t o  t h e  c a b i n  t o  l i m i t  downstream p ressu re  t o  35 22 p s i g  
( r e l a t i v e  t o  c a b i n  pressure) .  
t h a t  o f  t he  p ressu re  r e g u l a t o r  except t h a t  t h e  v a l v e  i s  n o r m a l l y  c losed.  
Opera t i on  o f  t h e  r e l i e f  v a l v e  i s  s i m i l a r  t o  
PERFORMANCE AND D E S I G N  REQUIREMENTS 
Opera t i ng  f l u i d  
I n l e t  p ressu re  range, p s i a  
Regulated o u t l e t  pressure,  p s i g  
F1 ow 
R e l i e f  pressure,  p s i g  
Reg u 1 a t o  r 1 ea ka ge 
P roo f  pressure,  p s i  g 
Burs t  pressure,  ps i g 
l i n e  s i z e ,  in .  
Weight, l b  
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles, California 
Gaseous n i t rogen 
85 t o  I I 5  
30  22 
6 t o  I O  l b / h r  a t  i n l e t  o f  85 p s i a  
35 i 2  
I O  sccm a t  i n l e t  o f  115 p s i a  and 
o u t l e t  o f  32 p s i g  
210 a t  i n l e t  
350 a t  i n l e t  
I / 4  
I 
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ITEM 313 
CY C L I  C ACCUMULATOR 
PURPOSE 
The c y c l i c  accumulator  removes condensate f rom t h e  water  recove ry  hea te r -  
condenser (313) and expels  t h e  c o l l e c t e d  l i q u i d  t o  t h e  rec la imed water  t a n k  
(308) i f  t h e  water  q u a l i t y  i s  acceptable,  o r  t o  t h e  u r i n e  s t o r a g e  t a n k  (201) 
i f  t h e  water  i s  contaminated. 
D E S C R I  PTI ON 
The c y c l i c  accumulator  i s  a pneumat ica l l y -opera ted  r e c i p r o c a t i n g  pump. 
Two check va lves  i n  s e r i e s  a r e  l oca ted  a t  t h e  water  i n l e t  and o u t l e t  p o r t s  t o  
p revent  h i g h  p ressu re  reve rse  water  f low.  Water i s  p e r i o d i c a l l y  e x p e l l e d  f rom 
the  accumulator  by n i t r o g e n  gas pressure  a p p l i e d  t o  a s p r i n g  loaded, e l a s t i c  
be l lows assembly. A t  t h e  end o f  an e x p u l s i o n  cyc le ,  t h e  n i t r o g e n  gas supp ly  
i s  shu t  o f f  and t h e  r e s i d u a l  gas i n  t h e  accumulator  i s  d ischarged th rough a 
b leed  o r i f i c e  t o  vacuum. Th is  a l l o w s  t h e  sp r ing - loaded  be l lows t o  move i n  
t h e  reve rse  d i r e c t i o n ,  drawing water  i n t o  the  accumulator  th rough t h e  i n l e t  
check va lve .  The movement o f  t h e  be l lows c rea tes  a d i f f e r e n t i a l  p ressu re  
across t h e  hydrophy l  i c  separa to r  p l a t e  w i t h i n  t h e  heater-condenser t o  cause 
water  t o  f l o w  ou t  o f  t h e  heater-condenser  i n t o  t h e  c y c l i c  accumulator .  
PERFORMANCE AND DESIGN REQUIREMENTS 
I n l e t  n i t r o g e n  pressure,  p s i a  55 t o  87 w i t h  a 5 p s i a  c a b i n  
I n l e t  n i t r o g e n  f low,  lb /min  0.05 maximum w i t h  85 p s i a  and 7OoF 
i n l e t  w i t h  be l lows s p r i n g  i n i t i a l l y  
i n extended pos i 't i o n  
N i t r o g e n  f l o w  c y c l e  N i t r o g e n  f l o w  eve ry  IO f l  mine  
f o r  a d u r a t i o n  o f  IO + I  sec 
Discharge n i t r o g e n  pressure, p s i a  Less than 0.2 
N i t r o g e n  b leed o r i f i c e  f low,  l b / h r  0.55 a t  87 p s i a  c y c l i c  accumulator  
p ressure  and 0. I p s i a  d i scha rge  
pressure  
Water s i d e  capac i ty ,  cc  130 t o  150 
Maximum water  s i d e  u l l age ,  cc I O  
I n l e t  wa te r  f low,  cc/min 3 t o  12 w i t h  7.6 nominal r a t e  
AIRESEARCH MANUFACTURING COMPANY 
Los Angels. California 
70-7018, Rev. I 
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ITEM 3 I3 (Cont i nued) 
In le t  water pressure,  psia 
O u t l e t  water flow, lb/hr 
Outlet  water pressure,  p s i a  
F i t t i n g ,  inch 
Proof pressure,  p s i  g 
Burst pressure,  p s  i g 
Weight, l b  
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles, California 
0.3 t o  2.5 psia 
100 max d u r i n g  expulsion w i t h  
85 psia nitrogen pressure 
35 52 normal, 42 maximum 
1 / 4  f o r  water and nitrogen 
Nitrogen s i d e  210 w i t h  water s i d e  
a t  30. 
s i d e  a t  0. 
Water s i d e  56 w i t h  N2 
Nitrogen s i d e  350 w i t h  water s i d e  
a t  30. 
s i d e  a t  0. 
Water s i d e  93 w i t h  N2 
2 
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I T E M  314-8 
SOLENOID VALVE 
(SEE ITEM 107-B) 
AIRESEARCH MANUFACTURING COMPANY 
LO5 Angeles, California 70-7018, Rev, I 
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ITEM 315 
CYCLIC ACCUMULATOR TIMER-CONTROLLER 
PURPOSE 
The timer-controller regulates the operational cycle of the cycle accumu- 
lator (313) by supplying power to the cyclic accumulator valve assembly (314-B) 
at predetermi ned i nterva 1 s 
DESCRIPTION 
The unit basically contains a timing circuit and a power switching circuit. 
The timing circuit regulates the duration of the power-on and power-off portion 
of the operational cycle. The output of the timing circuit is  supplied to the 
switching circuit which is used to energize the cyclic accumulator valve assem- 
bly (314-B) .  
PERFORMANCE AND DESIGN REQUIREMENTS 
Output power-on duration, seconds I O  + I  
Output power-off duration, minutes I O  f l  
Input power at 2 8  24 vdc, watts 5 maximum 
Output power at 28 vdc, watts 3 maximum 
Voltage drop between input and 0.5 max 
output during on condition, volt 
Weight, lb 0.5 
AIRESEARCH MANUFACTURING COMPANY 
Lo5 Angeles. California 
70-7018, Rev. I 
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ITEM 401 
URINE STORAGE QUANTITY METER 
PURPOSE 
The unit measures the quantity of liquid contained in the urine supply 
tank (201) and produces a proportional output signal for a visual display. 
DESCRIPTION 
The unit consists of a potentiometer assembly and a signal conditioning 
circuit comprised of a solid-state component. 
tiometer assembly is attached to the pressurization bladder in the urine 
supply tank. The stationary part of the assembly is attached to the bladder 
support frame. The potentiometer section measures the bladder position which 
is proportional to the liquid content. 
The movable part of the poten- 
The potent 
the signal cond 
unbalanced, the 
The meter 
0 to 5 vdc full 
ometer resistance forms one branch of a resistance bridge in 
tioning circuit. When the resistance bridge is electrically 
measurement unit provides an output signal for visual display. 
range 
movement is mounted i n 
readout i s ca 1 i brated 
s a jewel-mounted galvanometer movement operating between the 
nput supplied by the quantity measurement unit. The 
a case that allows replaceable panel mounting. The 
n lb. 
PERFORMANCE AND DESIGN 
Trans d uce r 
REQUIREMENTS 
Sense quantity range, lb 
Operating temperature, OF 
Output signal, volts dc 
Accuracy, percent of full scale 
Input voltage, volts dc 
Input current, milliamperes 
Output ripple component of output 
signal , mi 1 1  ivol ts rms 
Output impedance, ohms 
AIRESEARCH MANUFACTURING COMPANY 
Lo5 Angeles. Calilornia 
0 to 4 0  
4 0  t o  150 
0 to 5.0 proportional to quantity 
range of 0 to 33 lb. 5.5 maximum 
+IO over full range of sense 
quantity in tank 
28 24 
4 0  maximum 
5 maximum 
I O 0  maximum 
70-7018, Revs I 
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ITEM 401 (Continued) 
Output load resistance, ohms 
Is o 1 a t i on res i s ta nce bet ween 
30,000 nom i na 1 
100 minimum at 100 vdc across 
nput (+) and signal 
(- 1 
mum at IO0 vdc 
power input and signal output, power 
megohms output 
Insulation resistance between 50 min 
terminals and case, megohms 
Weight, lb 0.4 
Meter 
Input voltage, volts dc Normal, 0 to 5. Maximum 5.5. 
Meter face calibration, lb 0 to 33 corresponding to 0 to 5 
vdc i nput. Readout is proport i ona 1 
to input 
Accuracy, percent of full scale +3 throughout full scale range 
Meter resistance load, ohms 30,000 nomi na 1 
Weight, lb 0.3 
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles. California 
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ITEM 402 
U R I N E  STORAGE PRESSURE TRANSDUCER 
PURPOSE 
T h e  pressure t ransducer  measures t h e  pressure i n  the  ur ine  s to rage  tank 
(201) and produces a proportional output s igna l  fo r  a visual  d i sp lay  meter. 
DESC RI PTI O N  
T h e  u n i t  employs a va r i ab le  re luctance pickup i n  c lo se  proximity t o  t h e  
movable sensing element. When pressure is appl ied t o  t h e  sensing por t ,  t h e  
sensing element i s  def lec ted  a proportional amount. T h i s  de f l ec t ion  causes 
an e l e c t r i c a l  unbalance i n  t h e  var iabel  re luctance pickup and the r e su l t i ng  
s ignal  i s  conditioned w i t h i n  an in tegra l  s igna l  condi t ioning c i r c u i t  t o  provide 
an output s igna l  fo r  visual d i sp lay  and te lemetry funct ions.  
The meter i s  a jewel-mounted galvanometer movement operat ing between t h e  
0 t o  5 vdc f u l l  range i n p u t  s u p p l i e d  by t he  pressure transducer.  The movement 
i s  mounted i n  a case t h a t  allows replaceable  panel mounting. T h e  readout i s  
ca l ib ra t ed  i n  p s i g .  
PERFORMANCE AND DESIGN REQUIREMENTS 
Trans d uce r 
Sense pressure range, p s i g  
F l u i d  
Operating temperature, O F  
O u t p u t  s i gna l ,  vo l t  dc 
Maximum output s i g n a l ,  vo l t  dc 
Accuracy, percent of f u l l  s c a l e  
I n p u t  vol tage,  vo l t s  dc 
I n p u t  cur ren t ,  milliamperes 
O u t p u t  r ipp le ,  component of output 
s igna l ,  m i l l i v o l t s  rms 
O u t p u t  impedance, ohms 
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles. California 
0 t o  8 
N i  t rogen 
40 t o  150 
0 t o  5 proport iona 1 t o  appl i e d  
sense  pressure 
5.5 
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ITEM 402 (Continued) 
Output load resistance, ohms 
Proof pressure, psi g 
Burst pressure, psig 
Isolation resistance between power 
input and signal output, megohms 
Insulation resistance between 
terminals and case, megohms 
Weight, lb 
Meter 
Input voltage, volts dc 
Meter face calibration, psig 
Accuracy, percent of full scale 
Meter resistance load, ohms 
Weight, lb 
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles. California 
30,000 nom i na 1 
60 
I O 0  
100 minimum at 100 vdc across power 
input (+) and signal output (-) 
50 minimum at 100 vdc 
0.5 
Normal, 0 to 5. Maximum, 5.5 
0 t o  40 corresponding to 0 to 5 
vdc input 
+3 throughout full scale range 
30,000 nom i na 1 
0.3 
70-7018, Rev, I 
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ITEM 403 
BRINE STORAGE QUANTITY METER 
This  u n i t  i s  i d e n t i c a l  t o  I t e m  401 b u t  f o r  i t s  range. The b r i n e  s t o r a g e  
q u a n t i t y  meter  sense q u a n t i t y  range i s  0 t o  I I O  l b .  
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles. Calllorma 
70-70 18, Rev, 
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I T E M  404 
B R I N E  STORAGE PRESSURE TRANSDUCER 
(SEE I T E M  402)  
AIRESEARCH MANUFACTURING COMPANY 
Los Angels. California 
70-7018, Rev. I 
Page A-65 
ITEM 405 
RECLAIMED WATER QUANTITY METER 
This unit is identical t o  Item 401 but for its range. The range capability 
requirement i s  0 to 20 lb. 
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles, California 
70-7018, Rev. I 
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ITEM 406 
RECLAIMED WATER STORAGE PRESSURE METER 
T h i s  u n i t  is i d e n t i c a l  t o  item 402 e x c e p t  f o r  i t s  r a n g e .  The  r a n g e  of 
item 406 is 0 t o  40 p s i g .  
AIRESEARCH MANUFACTURING COMPANY 
Lo5 Angeles. California 
70-7018, Rev, I 
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ITEM 407 
PRETREATMENT TANK QUANTITY METER 
This u n i t  i s  i d e n t i c a l  t o  I t e m  401 except f o r  i t s  range which i s  from 
0 t o  7 l b .  
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles, California 





T h e  ammeter measures t h e  cu r ren t  demand of t h e  system motors and provides 
visual  d i sp lay .  Four instruments a r e  i n s t a l l e d  on the system f o r  monitoring 
of motor performance. 
and blower (103) motors, and i n  t h e  reclamation u n i t  on t h e  s epa ra to r  (208) 
and t h e  compressor (2 IO) motors. 
I n  t h e  u r ine  c o l l e c t i o n  c i r c u i t  on the separa tor  (101) 
DESCRIPTION 
T h e  ammeter employs a jewel-mounted galvanometer movement and a cur ren t  
shunt t o  measure and d i sp lay  t h e  cu r ren t  i n  amperes. 
PERFORMANCE AND DESIGN REQUIREMENTS 
I n p u t  dc cu r ren t ,  amperes 1.5 t o  2 normal 
Meter range, amperes 0 t o  4 .0  
Accuracy, percent of f u l l  s c a l e  +5 
DC vo l tage  28 +4 
Insu la t ion  r e s i s t a n c e  b e t w e e n  
term i na Is and case,  megohms 
50 m i n i m u m  a t  100 vdc 
W e i g h t ,  l b  0 .5  
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles, California 
70-7018, Rev. I 
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ITEM 410 
TEMPERATURE S ENS0 R 
PURPOSE 
The sensor measures t h e  b r i n e  temperature a t  t h e  o u t l e t  o f  t h e  phase 
s e p a r a t o r  (208) and prov ides an o u t p u t  s i g n a l  t o  a remote l y  l oca ted  s i g n a l  
c o n d i t i o n e r  which c o n d i t i o n s  t h e  s i g n a l  f o r  a d i s p l a y  meter.  
DESCRIPTION 
The sensor c o n s i s t s  o f  a r e s i s t a n c e - w i r e  t y p e  sens ing  element and a 
r e s i s t a n c e - b r i d g e  c i r c u i t .  The sens ing  element forms one branch o f  t h e  r e s i s -  
tance b r i d g e .  A change i n  sense temperature f rom a r e f e r e n c e  va lue  unbalances 
t h e  r e s i s t a n c e  b r i d g e  caus ing  i t  t o  produce an o u t p u t  s i g n a l  f o r  t h e  s i g n a l  
c o n d i t i o n e r .  The sensor i s  mounted e x t e r n a l l y  on t h e  b r i n e  tube and s u i t a b l y  
i n s u l a t e d  f rom ambient. I n  t h i s  manner i t  can be rep laced  w i t h o u t  opening t h e  
b r i n e  loop o r  i n t e r r u p t i n g  o p e r a t i o n .  
The s i g n a l  c o n d i t i o n e r  employs s o l i d - s t a t e  components and p rov ides  power 
t o  t h e  temperature sensor.  The r e t u r n  s i g n a l  f rom t h e  sensor i s  c o n d i t i o n e d  
and app l  i e d  t o  t h e  temperature meter.  
The meter i s  a jewel-mounted galvanometer movement o p e r a t i n g  between t h e  
0 t o  5 vdc f u l l  range i n p u t  s u p p l i e d  by t h e  s i g n a l  c o n d i t i o n e r ,  The movement 
i s  mounted i n  a case t h a t  a l l o w s  reDlaceable panel mount ing.  The readout i s  
ca 1 i b r a t e d  i n OF. 
PERFORMANCE AND D E S I G N  REQUIREMENTS 
Sensor 
Sense temperature range, OF 
Opera t i ng  temperature,  O F  
Opera t i ng  pressure,  p s i a  
Resis tance range o f  sens ing  element, 
ohm 
Accuracy o f  sensor, pe rcen t  o f  
f u l l  s c a l e  
I n p u t  s i gna 1 
Output s i g n a l  
AIRESEARCH MANUFACTURING COMPANY 
LOS Angeles. California 
50 t o  130 
40 t o  150 
IO t o  I I normal, I t o  15 range 
t o  be determined 
k1.5 throughout  0 t o  100 pe rcen t  
o f  i n p u t  temperature range 
t o  be determined 
t o  be determined 
70-7018, Rev, I 
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ITEM 4 I O  (Cont i nued) 
Power d i ss  i pat i on of s ens i ng 
element, mi l l iwa t t s  
T ime  cons tan t ,  seconds 
Proof pressure,  ps i g  
Burst pressure,  p s  i g 
W e i g h t ,  l b  
Siqnal Conditioner 
O u t p u t  s i g n a l ,  vdc 
Accuracy, percent of f u l l  s c a l e  
O u t p u t  impedance, ohms 
O u t p u t  load r e s i s t ance ,  ohms 
I n p u t  s u p p l y  voltage,  vdc 
I n p u t  s u p p l y  cur ren t ,  m i l l i -  
amperes 
I s o l a t i o n  r e s i s t ance  be tween power 
i n p u t  and s igna l  output ,  megohms 
I n s  u 1 a t i on res i s t a nce b e t  ween'  
terminals  and case,  megohms 
Weight ,  l b  
Meter 
I n p u t  vol tage,  vo l t s  dc 
Meter f ace  c a l i b r a t i o n ,  OF 
Accuracy, percent of f u l l  s c a l e  
Meter r e s i s t ance  load, 
Weight ,  l b  
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles. California 
ohms 
4 max t o  63.2 percent of s t e p  
change i n  water temperature 
33 
0 .  I 
0 t o  5 proportional t o  i n p u t  
s i gna l .  5.5 maximum 
+ I  . 5  throughout 0 t o  100 percent 




40 maximum w i t h  28 24 vdc i n p u t  
100 m i n i m u m  a t  100 v d c  across  
power i n p u t  (+) and s igna l  
output (-) 
50 m i n i m u m  a t  100 vdc 
0.3 
Normal, 0 t o  5. Maximum, 5.5 
80 t o  130 corresponding t o  0 t o  5 
vdc i n p u t  
53 throughout f u l l  s c a l e  range 
30,000 nom i na 1 
0.3 
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ITEM 41 I 
SEPARATOR PRESSURE 
T h i s  u n i t  i s  s i m i l a r  t o  Item 402 ;  i t s  r a n g e ,  however  is d i f f e r e n t  
(0.2 t o  3.0 p s i a ) .  
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles. California 
70-7018, Rev, I 
Page A-72 
I T E M  412 
B R I N E  TEMPERATURE-CONDENSER OUTLET 
(SEE I T E M  410)  
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles, California 
70-7018, Reve I 
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ITEM 413 
CATALYTIC REACTOR TEMPERATURE 
T h i s  u n i t  i s  s i m i l a r  t o  Item 410 w i t h  a n  o p e r a t i n g  t e m p e r a t u r e  r a n g e  
b e t w e e n  600 a n d  1000°F. 
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles. California 
70-7018, Rev. I 
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I T E M  414 
CONDENSER PRESSURE 
(SEE I T E M  41 I )  
AIRESEARCH MANUFACTURING COMPANY 
Los Angels. California 
70-7018, Rev. I 
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APPENDIX B 
PERFORMANCE PREDICTION COMPUTER PROGRAM DESCRIPTION 
INTRODUCTION 
Because o f  t h e  c o m p l e x i t y  o f  t h e  IWRS p rocess ing  system, manual per fo rm-  
ance p r e d i c t i o n s  a r e  v e r y  t ime  consuming. S ince  i t  was d e s i r e d  t o  examine 
system performance ove r  a range o f  o p e r a t i n g  parameters, and w i t h  seve ra l  
cand ida te  component c o n f i g u r a t i o n s ,  computer s i m u l a t i o n  o f  t h e  performance 
seemed a p p r o p r i a t e .  A computer program t o  s imu la te  system performance a t  any 
s e t  o f  o p e r a t i n g  parameters has been developed. T h i s  Appendix p resen ts  a 
descr i p t  i o n  o f  the  program. 
I n c l u d e d  i n  t h i s  d e s c r i p t i o n  i s  a d i s c u s s i o n  o f  t h e  a n a l y t i c a l  techn ique 
used t o  model t h e  system and component performance, b l o c k  diagrams o f  t h e  
main program and subrout ines,  and l i s t i n g s  o f  these programs. A l s o  g i ven  i s  
a d i s c u s s i o n  of t h e  i n p u t  data, t h e  u t i l i t y  and da ta  rou t ines ,  and t h e  pro-  
gram ou tpu ts .  
PROGRAM SCOPE 
T h i s  program was developed t o  c h a r a c t e r i z e  the  performance o f  t h e  I W R S  
main p rocess ing  u n i t .  T h i s  i n c l u d e s  t h e  f o l l o w i n g  ma jo r  elements o f  t he  I W R S :  
Compressor 
Se pa r a t  o r 
Condenser 
F lash  Va lve  
Rec upe ra  t o  r 
Ca t a  1 ys t Bed 
I n  t e  rconnect  i ng L i nes 
The feed  supp ly  system, the  b r i n e  dump system, and t h e  p roduc t  water  
system a r e  n o t  i nc luded  i n  t h e  program a n a l y s i s .  S p e c i f i c  o p e r a t i o n a l  
c y c l i n g  o f  t h e  c o n t r o l  system i s  l i k e w i s e  n o t  included; however, t h e  n e t  
energy balance o f  t he  system inc ludes  t h e  e f f e c t  o f  feed u r i n e  i n t o  t h e  b r i n e  
loop. The program per fo rms a s teady -s ta te  sol u t  i o n  o f  t he  system performance 
a t  a g i ven  s e t  o f  c o n d i t i o n s .  
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SYSTEM AND COMPONENT CHARACTERIZATIONS 
Genera 1 
De te rm ina t ion  o f  t h e  performance o f  t h e  IWRS i n v o l v e s  conduc t ing  a n e t  
energy balance on t h e  b r i n e  loop. T h i s  ba lance i s  g i v e n  as 
CQ = WBCpB  AT^ 
where CQ = t h e  summation o f  heat  ga ined o r  lo s t  by t h e  b r i n e  loop i n  a l l  
t h e  elements o f  t h e  l oop  
WB = b r i n e  f l o w  r a t e  
C = b r i n e  s p e c i f i c  heat  
AT = b r i n e  change i n  temperature 
PB 
B 
F i g u r e  B - I "  i s  a schematic o f  t h e  IWRS p rocess ing  loop, g i v i n g  the  des ig -  
n a t i o n  o f  system s t a t e  p o i n t s  and system elements used i n  t h e  computer program. 
From t h i s  i t  can be seen t h a t  t h e  temperature d i f f e r e n c e  across  t h e  f l a s h  valve, 
T ,  - T5, w i l l  determine t h e  amount o f  water  vapor ized.  Thus 
W = vapor f l o w  r a t e  f rom separa to r  





= heat  l e a k  f rom separa to r  
AHLV = heat  o f  v a p o r i z a t i o n  o f  water  f rom t h e  b r i n e .  
The a n a l y s i s  o f  a l l  t h e  elements o f  t h e  system i s  accomplished t o  p e r m i t  
computat ion w i t h  the  energy balance shown above. 
The f o l l o w i n g  paragraphs g i v e  t h e  a n a l y t i c a l  methods used i n  each o f  t he  
component a n a l y s i s  subrout ines .  
F l u i d  Flow i n  I n t e r c o n n e c t i n q  L ines  
Flow o f  b r i n e  i n  t h e  b r i n e  loop, and vapor i n  t h e  vapor l i n e s  i s  charac- 
t e r i z e d  by t h e  f o l l o w i n g  r e l a t i o n :  
2 
(3) 2 f w  
n2 D5 p 
np = 
4 k A l l  f i g u r e s  have been p laced a t  t h e  end o f  t h i s  appendix. 
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where w = flowrate 
D = tube diameter 
P = density 
f = friction factor 
The friction factor is a function of Reynolds number and is given in Figure 
B-2. The heat loss from these lines is given by 
TA) QL = UA (T - ( 4 )  
where T = temperature of line 
T = ambient temperature 
UA = heat transfer coefficient times area of 1 ines 
A 
Some of the lines, notably the vapor lines, are insulated, while the brine 
lines are uninsulated. For the former case, UA is evaluated as follows 
(see sketch): 
Heat transfer through the insulation is given by 
2nKL( T-To ) 
= In ( R ~ / R ~ )  
where K = thermal conductivity of insulation 
L = line length 
T = temperature of outer surface of insulation 
0 
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles. Calilornia 
ION 
( 5 )  
70-7018, Rev. I 
Page B-3 
Heat t r a n s f e r  from the  ou te r  sur face  of insu la t ion  is given by 
q = h T R  L(To - TA) 2 2  
where h = externa l  heat t r a n s f e r  c o e f f i c i e n t  
Combining Equations ( 5 )  and (6 )  y i e lds  t h e  following: 
2 
-1- 
' ( 2vR2Lh I 
( 7 )  
For l i n e s  w i t h  no insu la t ion ,  only the f i r s t  term of the denominator of 
Equation ( 7 )  appl i e s .  
Sepa ra t o  r 
T h e  output  pressure of the separa tor  is evaluated from the following 
equat ion : 
I 2 2 2  
2 P = -  ( I - K )  P R Q 
where = ro ta t iona l  speed 
R = p i t o t  tube radius 
P = brine densi ty  
K = head c o e f f i c i e n t  
The head c o e f f i c i e n t  K is a function of Reynolds number of t h e  p i t o t  tube i n  
the br ine and has been determined experimentally a s :  
0. I5 K = 0.728/(Re) 
R = Reynolds number e 
In a s imi l a r  manner, the drag of the  p i t o t  tube ,is given by: 
I 3 4  4 
D =cC p R ( R  - R L  ) ( 9 )  
where R = l i q u i d  sur face  radius L 
C = drag c o e f f i c i e n t  
0.16 
C = 0.756/(Re) 
Heat t r a n s f e r  t o  ambient i s  ca lcu la ted  i n  a manner s imi l a r  t o  tha t  used f o r  
heat leak from t h e  l i n e s ,  
AIRESEARCH MANUFACTURING COMPANY 
Lo5 Angeles. California 
70-7018, Rev. I 
Page B-4 
C omp re s so r 
The compressor performance is determined from experimental data i n  t h e  
T h e  perfor- form of pressure r a t i o  and power versus volumetric i n l e t  flow. 
mance curves used i n  the  sys tem ana lys i s  a r e  g i v e n  i n  Section 3 of t h i s  
report .  The power of the compressor is then cor rec ted  t o  t h e  operat ing 
p res su re  b y  
P w = w  - 
'B 
B where  W = power a t  i n l e t  pressure P B 
P = i n l e t  p ressure  








7 = ( l 0 O ) W A / W  
WA = a d i a b a t i c  power requi red 
P = i n l e t  p ressure  
Pb o u t l e t  
V I  = i n l e t  volumetric flow 
I 
Y = s p e c i f i c  heat r a t i o  cp/cv 
Condenser 
The heat t r a n s f e r  process i n  the  condenser is represented by 
Q = UA (Ts - T B )  
where T = condensing temperature S 
B T = Brine temperature 
UA = overa l l  heat t r a n s f e r  c o e f f i c i e n t  
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w i t h  
2 K  
3.- I + f +  DO 
(DI H B  HS 
UA = I /  
w h e r e  D = t u b e  o u t e r  d i a m e t e r  
0 
D = t u b e  i n n e r  d i a m e t e r  
H = b r i n e  s i d e  h e a t  t r a n s f e r  c o e f f i c i e n t  
HS = steam s i d e  h e a t  t r a n s f e r  c o e f f i c i e n t  
I 
B 
f = t u b e  f o u l i n g  f a c t o r  
K = t u b e  t h e r m a l  c o n d u c t i v i t y  
4 . w  C J 
IT D l  'R 
B pB 
2 2 / 3  H =  B 
w h e r e  w = b r i n e  f l o w  r a t e  B 
C = b r i n e  s p e c i f i c  h e a t  
PB 
P = P r a n d t l  number  R 
F i g u r e  B - 3  g i v e s  J v e r s u s  R e y n o l d s  number  f o r  t h e  h e a t  e x c h a n g e r  t u b e .  T h e  
c o n d e n s i n g  h e a t  t r a n s f e r  c o e f f i c i e n t  is g i v e n  b y  
H = 0.725 S 
w h e r e  P =  
g =  
h =  
f g 
k =  
L =  
T =  
W 
w a t e r  d e n s i t y  
3 2 . 2  f t / s e c  
h e a t  o f  v a p o r i z a t i o n  o f  w a t e r  
2 
t h e r m a l  c o n d u c t i v i t y  o f  w a t e r  
v i s c o s i t y  o f  w a t e r  
t u b e  w a l l  t e m p e r a t u r e  
The  v a p o r  a n d  b r i n e  p r e s s u r e  d r o p  is c a l c u l a t e d  u s i n g  t h e  same f o r m u l a  
g i v e n  a b o v e  f o r  p r e s s u r e  d r o p  i n  a t u b e .  Heat t r a n s f e r  from t h e  c o n d e n s e r  t o  
a m b i e n t  is l i k e w i s e  c a l c u l a t e d  a s  g i v e n  a b o v e  f o r  t h e  t r a n s f e r  l i n e s .  
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R e c u p e r a t o r  a n d  Ca ta lys t  Bed 
T h e  c o n f i g u r a t i o n  o f  t h e  r e c u p e r a t o r  f o r  w h i c h  t h e  p r o g r a m  is d e s i g n e d  
is shown i n  F i g u r e  B - 4 .  A s  i n d i c a t e d ,  t h e  u n i t  i s  a s h e l l - t u b e  r e c u p e r a t o r  
w i t h  a w i r e  mesh c a t a l y s t  bed  a t  t h e  h o t  e n d .  An e l e c t r i c a l  h e a t e r  i s  
a s s u m e d  t o  be  imbedded i n  t h e  c a t a l y s t  b e d .  T h e  h e a t  t r a n s f e r  c o e f f i c i e n t  
f o r  t h e  r e c u p e r a t o r  i s  g i v e n  by 
J G C  
P
2/3 
H =  
p R  
w h e r e  . G = mass v e l o c i t y  = w/A 
A = minimum f l o w  a r e a  
w = f l o w  r a t e  
T h e  v a l u e s  o f  J a r e  shown i n  F i g u r e  8-5 f o r  f l o w  o u t s i d e  a n d  i n s i d e  t h e  
t u b e s .  T h e  p r e s s u r e  d r o p  i n  t h e  r e c u p e r a t o r  i s  g i v e n  by 
f o r  f l o w  o v e r  t h e  o u t s i d e  o f  t h e  t u b e s  
w h e r e  v = mean s p e c i f i c  vo lume  n 
v = o u t l e t  s p e c i f i c  vo lume  
v ,  = i n l e t  s p e c i f i c  vo lume  
0 
CT = f r e e  f l o w  t o  f r o n t a l  a r ea  r a t i o  
f = f r i c t i o n  f a c t o r  
A = t u b e  s u r f a c e  a rea  
A = minimum f r e e  f l o w  a rea  
N = number o f  p a s s e s  o v e r  t u b e  b u n d l e  
C 
P 
a n d  by 
2 
G vn f 
2 D  
0 
AP = 
f o r  f l o w  i n s i d e  t h e  t u b e s .  
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A cor rec t ion  for  flow across  the ba f f l e s  i s  a l s o  used, and is  given b y  
'n N~ AP = 3.54G' 
where N = number of ba f f l e s  
Values of the f r i c t i o n  f ac to r  f a r e  given i n  Figure 8-6 f o r  flow inside and 
over the tubes.  Pressure drop i n  the c a t a l y s t  bed is g i v e n  b y  
B 
where A = t o t a l  sur face  of the c a t a l y s t  
W 
A = m i n i m u m  f i l l  flow area through the bed 
C 
The f r i c t i o n  f ac to r  for  the c a t a l y s t  bed i s  given i n  igure B-7. The 
Reynolds number used i n  the  c a t a l y s t  screen pressure drop ca l cu la t ions  i s  
given by 
2 R  G n 
c1 
R =  e 
where  R = ( V B  - Vw)/Aw n 
c1 = v i scos i ty  
V B  = volume of c a t a l y s t  bed 
V = volume of w i  re i n  screen 
A = area of wire i n  screen 
W 
W 
The e f f ec t iveness  of the recuperator i s  ca lcu la ted  by the following r e l a t ion :  
where NTU = number of t r a n s f e r  un i t s  
= axia l  conduction c o e f f i c i e n t  
NTU and h a r e  defined a s  follows: 
NTU = UA/w C p  
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UA = I 
+--I-- - 
0 
H A I  
A = tube area 
t = tube wall thickness 
K = thermal conductivity of tube 
A = -  A K  
Lw c p  
L = tube bundle leng 
A = conduction area K 
eak to ambient is calcu 
PRO P E  RTI E S 
h 
n longitudinal direction 
ated as before with the other components. 
In order to perform the calculations indicated by the above analyses, 
the thermodynamic and transport properties of the brine and water vapor are 
required. The following give the methods used in the computer program to 
obtain these properties. 
Brine Properties 
The vapor pressure and the viscosity of the brine as a 
centration and temperature is shown in Figures 8-8 and B-9. 
interpreted in the program by a map-read subroutine. Other 
the brine solution are determined as follows: 
Density: 
3 
P = 62.43 (0 .99325 + 0.4775C),  lb/ft 
C = concentration, percent solids 
Specific heat: 
CP = I .O - 0.7C, Btu/lb OF 
Thermal conductivity: 
0.576C K = 0.347 [ I . O  - 0.0015 (T-IOO)] (1.0 - , .69-c.  >, 
function of con- 
These data are 
properties of 
Btu/hr ft°F ( 2 8 )  
The heat of vaporization of water from the brine solution is deter- 
mined from the heat of vaporization of water and the boiling point data 
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g i v e n  i n  F i g u r e  B-8. F i g u r e  B-IO g i ves  t h e  heat  o f  v a p o r i z a t i o n  o f  water  
over  t h e  range o f  temperature o f  i n t e r e s t  i n  t h i s  system. The heat  o f  
v a p o r i z a t i o n  o f  water  f rom b r i n e  i s  g i ven  by 
I n  ( P ~ * / P , * )  
where s u b s c r i p t s  I and 2 r e f e r  t o  two s t a t e  p o i n t s  separated by a smal l  
temperature d i f f e r e n c e  and 
P = vapor p ressu re  o f  u r i n e  I 
P" - vapor p ressu re  o f  water  a t  same temperature I . -  
H" = heat  o f  v a p o r i z a t i o n  o f  wa te r  
The above r e l a t i o n s  a r e  s u f f i c i e n t l y  accu ra te  o v e r  t h e  range of  tem- 
p e r a t u r e  and c o n c e n t r a t i o n  encountered i n  t h e  IWRS.  They a r e  a'lso used t o  
determine t h e  p r o p e r t i e s  o f  water  by  s e t t i n g  t h e  c o n c e n t r a t i o n  equal  t o  zero.  
Steam P r o p e r t i e s  
The thermodynamic and t r a n s p o r t  p r o p e r t i e s  o f  steam a r e  determined a s  
f o l  lows: 
Dens i t y  : 
P 3 p = - ( l 4 4 ) ,  I b / f t  RT 
P = pressure, p s i a  
T = a b s o l u t e  temperature, O R  
R = gas cons tan t  f o r  water, 85.8 l b F - f t / l b M  O R  
S p e c i f i c  h e a t :  
C = 0.46 + 0.048 (T-300)/700, B t u / l b  OF 
P 
T = degrees F 
Thermal c o n d u c t i v i t y :  
K 




t y :  
0.88 
I . 8 l  + 0.0089T 
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ROUT I NE D I S C R I  PTI ONS 
Main Proqram URECV 
T h e  main program f o r  t h e  IWRS system ana lys i s  i s  URECV.  T h i s  program 
provides t h e  following funct ions:  
I n p u t  of program data 
Control of primary system convergence parameters 
Transfer  of data t o  t h e  subrout ines  a s  r e q u i r e d  
Determination of system output requirements 
T h i s  routine by  i t s e l f  performs no performance a n a l y s i s .  Figure 6-11 i s  a 
block diagram of t h i s  program. F i g u r e  8-12 is  a l i s t i n g  of U R E C V .  
Subroutine SEPR 
T h i s  subrout ine i s  used t o  ca l cu la t e  t h e  performance of the phase 
separa tor .  T h e  i n p u t s  t o  t h e  program from U R E C V  a r e  a s  follows: 
Brine volume ' 
B r i n e  concentrat ion 
Separator vapor pressure 
From these, and o ther  i n p u t  data on configurat ion,  SEPR determines the 
fol  lowing: 
Sepa ra t o r  temperature 
Separator heat 1 eak 
Separator power 
B r i n e  o u t l e t  pressure 
Figures B - 1 3  and B-14 a r e  a block diagram and a l i s t i n g  of SEPR, respect ively.  
Subrout i ne PDVAP 
T h i s  subroutine is used  t o  c a l c u l a t e  the  pressure drop of each segment  
of the vapor l ines .  Inputs  t o  the subrout ine a r e  the l i n e  segment i n l e t  con- 
d i t i o n s ,  pressure,  temperature, and flow r a t e .  O u t p u t s  from SEPR a r e  t h e  l i n e  
segment end point condi t ions,  pressure and temperature, and the  l i n e  segment 
heat leak. Figures B-15 and B-16 a r e  a block diagram and a l i s t i n g  o f  t h i s  
p rog ram. 
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Sub r o u t i n e  COMPR 
S u b r o u t i n e  COMPR d e t e r m i n e s  t h e  p e r f o r m a n c e  o f  t h e  c o m p r e s s o r  b a s e d  o n  
i n l e t  c o n d i t i o n s .  O u t p u t s  f r o m  COMPR a r e  o u t l e t  p r e s s u r e  a n d  t e m p e r a t u r e ,  
power,  heat t r a n s f e r  t o  a m b i e n t ,  a n d  c o m p r e s s o r  t e m p e r a t u r e .  F i g u r e s  B-I7 
a n d  B-18 a r e  a b l o c k  d i a g r a m  a n d  l i s t i n g  o f  COMPR. 
S u b r o u t i n e  R E C U P  
S u b r o u t i n e  R E C U P  d e t e r m i n e s  t h e  p e r f o r m a n c e  o f  t h e  r e c u p e r a t o r / c a t a l y s t  
b e d .  The  o u t p u t s  o f  t h i s  p r o g r a m  a r e :  
O u t l e t  t e m p e r a t u r e  a n d  p r e s s u r e  
E f f e c t i v e n e s s  
Powe r 
Heat l e a k  
P r e s s u r e  d r o p s  
A b l o c k  d i a g r a m  f o r  RECUP i s  shown i n  F i g u r e  B-19. F i g u r e  B-20 is a l i s t i n g  
o f  R E C U P .  
S u b r o u t i n e  C O N D R  
S u b r o u t i n e  C O N D R  i s  u s e d  t o  c a l c u l a t e  t h e  p e r f o r m a n c e  o f  the c o n d e n s e r .  
T h i s  r o u t i n e  d e t e r m i n e s  t h e  heat  t r a n s f e r  t o  t h e  b r i n e ,  the b r i n e  t e m p e r a t u r e  
c h a n g e ,  the v a p o r  p r e s s u r e  d r o p ,  a n d  the c o n d e n s e r  heat l e a k .  A b l o c k  d i a g r a m  
a n d  l i s t i n g  o f  t h i s  s u b r o u t i n e  a r e  g i v e n  i n  F i g u r e s  8-21 a n d  B-22, r e s p e c t i v e l y .  
S u b r o u t i n e s  BFLOW a n d  BTEMP 
S u b r o u t i n e s  BFLOW a n d  BTEMP a r e  u s e d  t o  ca l cu la t e  the  f l o w  i n  the b r i n e  
l o o p  (BFLOW), a n d  the t e m p e r a t u r e  a t  v a r i o u s  p o i n t s  i n  the  l o o p  (BTEMP). 
BTEMP a l s o  c a l c u l a t e s  the  hea t  l e a k  f r o m  each element o f  t h e  l o o p  a n d  
a l s o  accounts f o r  t h e  e n e r g y  b a l a n c e  n e e d e d  d u r i n g  f e e d i n g  i n t o  t h e  s y s t e m  
a n d / o r  o p e r a t i o n  o f  t he  t r i m  o r  warmup h e a t e r .  F i g u r e s  B-23 a n d  B-24 g i v e  
b l o c k  d i a g r a m s  a n d  l i s t i n g  f o r  BFLOW. F i g u r e s  B-25 a n d  B-26 g i v e  t h i s  i n f o r -  
mation f o r  BTEMP. 
S u b r o u t i n e  PRINTT 
T h i s  s u b r o u t i n e  c o n t a i n s  a l l  o f  the f o r m a t  i n f o r m a t i o n  t o  o u t p u t  the 
d e s i r e d  p r o g r a m  p a r a m e t e r s .  F i g u r e s  B-27 a n d  B-28 g i v e  a f l o w  d i a g r a m  a n d  
a l i s t i n g  o f  t h i s  r o u t i n e .  
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U t i l i t y  R o u t i n e s  
S e v e r a l  u t i  l i t y  r o u t i n e s  a r e  u s e d  i n  t h i s  p r o g r a m  t o  p e r f o r m  o p e r a t i o n s  
of d a t a  s t o r a g e  a n d  r e t r i e v a l s .  UREAD is u s e d  t o  r e a d  i n  heat o f  v a p o r i z a t i o n  
o f  w a t e r ,  a n d  v a p o r  p r e s s u r e  a n d  v i s c o s i t y  o f  b r i n e .  F i g u r e  B-29 i s  a l i s t i n g  
o f  t h i s  r o u t i n e .  MAPRDP is u s e d  t o  d e t e r m i h e  b r i n e  v i s c o s i t y  o r  v a p o r  p r e s s u r e  
f o r  a g i v e n  t e m p e r a t u r e  a n d  c o n c e n t r a t i o n  by i n t e r p o l a t i o n  o f  the  d a t a  r e a d  i n  
by UREAD. T h i s  rou t ine  can a l so  d e t e r m i n e  b o i l i n g  t e m p e r a t u r e  a t  a g i v e n  
c o n c e n t r a t i o n  a n d  v a p o r  p r e s s u r e .  F i g u r e  B-30 i s  a l i s t i n g  o f  t h i s  p rog ram.  
LAGIN2, F i g u r e  B - 3 1 ,  i s  an i n t e r p o l a t i o n  r o u t i n e  u s e d  t o  r e a d  a l l  o f  t h e  
s i n g l e  i n d e p e n d e n t  v a r i a b l e  d a t a  c u r v e s .  I t  i s  u s e d  t o  i n t e r p o l a t e  a l l  of 
t h e  f r i c t i o n  f a c t o r  a n d  J f a c t o r  c u r v e s ,  a s  w e l l  a s  t h e  hea t  o f  v a p o r i z a t i o n  
c u r v e .  
INPUT FORMAT 
T a b l e  B-I'* shows t h e  i n p u t  p a r a m e t e r s  f o r  t h e  s y s t e m  p e r f o r m a n c e  p r o -  
gram.  T h e s e  p a r a m e t e r s  a r e  d e f i n e d  i n  T a b l e  B-2. The  i n p u t s  a r e  g r o u p e d  
i n t o  t h r e e  p r i m a r y  g r o u p i n g s :  
( a )  F l u i d  p r o p e r t i e s  d a t a  
( b )  S y s t e m  c o n f i g u r a t i o n  d a t a  
( c )  S y s t e m  o p e r a t i n g  p a r a m e t e r s  
The  p r o g r a m  c o n t r o l  i s  set up t o  a l low v a r i a t i o n s  o f  t h e  s y s t e m  o p e r a t i n g  
p a r a m e t e r s  w i t h o u t  r e p e a t i n g  the  s y s t e m  c o n f i g u r a t i o n  d a t a .  L i k e w i s e ,  the  
s y s t e m  c o n f i g u r a t i o n  d a t a  can b e  c h a n g e d  w i t h o u t  r e p e a t i n g  the f l u i d  p r o p e r -  
t i e s  d a t a .  
OUTPUT FORMAT 
F i g u r e  B-32 i s  
i n  two p a r t s  a s  f o l  
P a r t  I .  - 
P a r t  2 .  - 
a s a m p l e  o u t p u t  o f  t h i s  p rog ram.  The  o u t p u t  i s  a r r a n g e d  
ows : 
S y s t e m  a n d  componen t  c o n f i g u r a t i o n  d a t a  ( I n p u t s )  
A .  S y s t e m  o p e r a t i n g  p a r a m e t e r s  ( I n p u t s )  
B. S y s t e m  p e r f o r m a n c e  p a r a m e t e r s  ( O u t p u t s )  
P a r t  I ,  c o n f i g u r a t i o n  d a t a ,  g i v e s  t h e  p h y s i c a l  p a r a m e t e r s  o f  t h e  s y s t e m .  
T h e s e  a r e ,  f o r  t h e  most p a r t ,  s e l f - e x p l a n a t o r y ,  However, a f ew r e q u i r e  some 
d e f  i n i t ion. 
" T a b l e s  a p p e a r  f o l l o w i n g  t h e  f i g u r e s  a t  the e n d  of t h i s  a p p e n d i x .  
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles, Calilornia 
70-7018, Rev. I 
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( s )  Separator 
"Heat leak t o  ambient" is the term UA by which the heat leak 
i s  ca l cu la t ed .  
Tamb) Q, = UA ( T  - 
" M i n i m u m  Separator  Volume" is the  volume, ca lcu la ted  i n  the 
program, a t  which the  p i t o t  tube is j u s t  covered. 
( b )  Compressor 
The 1 i s t ed  parameters llFlow," "Pressure Ratio," and "Power" 
def ine the performance of the compressor. The power l i s t e d  
does not include bearing losses  which a r e  ca lcu la ted  separa te ly  
i n  the program. 
(c) Recuperator 
"Flow Area on Shell Side" is  the m i n i m u m  flow area through 
the tube bundle per pass. "Frontal Area on Shell Side" i s  
the t o t a l  area of the tube bundle per pass. 
"Axial Conduction Area" and "Axial Conduction Conductivity" 
a r e  the parameters used t o  determine the e f f e c t  of ax ia l  
conduction on the e f f ec t iveness  of the recuperator.  
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles, Caldornla 
70-7018, Rev. I 
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F i g u r e  B - I -  Computer System Model 
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Figure B-8. Vapor Pressure of Brine 
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles. California 














I O  2 0  30 40 50 
BRINE CONCENTRATION, PERCENT 
60 70 
5-62746 
Figure 8-9. Viscosity o f  Brine 
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F igure 6-IO. Heat of Vaporizat ion of Water 
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles, California 
70-7018, Rev. I 
Page 8-24 
Read I n p u t  Data 
F l u i d  P r o p e r t i e s  
Vapor P ressu re  o f  B r i n e  
V i s c o s i t y  o f  B r i n e  
Heat  o f  V a p o r i z a t i o n  o f  Water  
Heat T r a n s f e r  and F low Data 
F and J Curves f o r  
Heat  Exchanger Tube 
Recupe r a t o r  
C a t a l y s t  Bed 
Component Data 
O p e r a t i n g  C o n d i t i o n s  
E s t a b l i s h  I n i t i a l  C o n d i t i o n s  
Guess S e p a r a t o r  P ressu re  
Guess Vapor F low Rate 
I I  
Determine power, temp., p ress .  hea t  l e a k  o f  
s e p a r a t o r  
De te rm ine  p r e s s .  and temp. a t  i n l e t  t o  
s e p a r a t o r  
C a l l  SEPR 
I 
t C a l l  PDVAP 
B 
Dete rm ine  press., temp. a t  o u t l e t  o f  compressor, 
compressor  power, e f f i c i e n c y ,  h e a t  l e a k  
Determine press., temp. a t  i n l e t  t o  r e c u p e r a t o r  
C a l l  COMPR 
HI 
C a l l  PDVAP I 
Determine press., temp. a t  o u t l e t  o f  recupera to r ,  
power, h e a t  leak,  e f f e c t i v e n e s s  
Determine press., temp. a t  i n l e t  t o  condenser  
De te rm ine  b r i n e  l o o p  f l o w  r a t e  
Determine press., temp. o f  b r i n e  a t  condenser  
o u t l e t ,  h e a t  leak, vapor  p r e s s .  C a l l  CONDR 
I 
I Check vapor  p r e s s .  i n  condenser  I 
M o d i f y  guess o f  
P 
Dete rm ine  b r i n e  temp. a t  f l a s h  v a l v e  
C a l l  BTEMP 
1 I I 
Determine hea t  o f  v a p o r i z a t i o n  
I C a l c u l a t e  vapor  f l o w  r a t e  I 
M o d i f y  guess o f  
I W r i t e  o u t p u t  I 
I STOP 
F i g u r e  B-lfe Block Diagram o f  URECV 
ARESEARCH MANUFACTURING COMPANY 
Los Angels, California 
70-7018, Rev. I 
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MAIN PROGRAM FOR CALCULATION OF PERFORMANCE OF URINE RECOVERY SYSTEM 
PROGRAM USES THE FOLLOWlINC SUBROUTINES 
UREA') --- READS F L U I D  PROPERTY DATA 
MAPRr)P--- LOOK UP ROUTlhE FOR PRESSURE ,VISCOSITY VS, TEMP# CONCENTRATION 
BTEMP --- HEAT BALANCE OF BRINE LOOP 
RFLOW --- FLOW RATE OF BRINE LOOP 
PDUAP --- PRESSURE DROP AND TEMP DROP OF SEGMENVS OF VAPOR LOOP 
SEPR -- -HEAD ,POWER, -HEAT LEAK OF SEPARATOR 
COMP? --- PRESSpTEMP, POWERaHEAT LEAK OF COMPRESSOR 
RECUP --- TEMPtPOWER,PRESSiHEAT LEAK OF CATALYST~RECUPERATOR 
CONO --- PERF, OF CONDENSER/BRINE HEATER 
COMMON/GEldRLD/ 
C O M M O N / U P R O P / T P ( ~ ~ ) , C P ( ~ O ) I P P ( ~ ~ ~ ~ O ) ~ ~ ~ T P , ~ ! C P ~ T H ( ~ ~ ) ~ H H ( ~ ~ ) ~  
COMMON/COMPRD/VFL0(2O) iNPR iPRC(20),POWC(20).POW #TI3 6PBtPE 
C O M M O N / C O M D D / V P C ~ l O ~ , V T C ~ l O ~ ~ Q T C ~ l ~ ~ r A L H X ~ l O ~ i U S E P ~ l O ~ i A ~ O U L ~  
COMMOY/BFLOWD/WBR I N D C0 t KOUMP t 'UDUMP 
COMrlON/BTEMPD/KHEA? 9 OHEAT I CONF 
COMMON/RECUPD/ A C , A F , A B , T L , D T , A N T I A N P ~ ~ K C I A R X C , D B E D , U W ~ A L B E D I  
T (  2 0 )  t U A (  20) IP[ 2 0 )  P Q L ( 2 0 )  1 D ( 2 0 )  t AL(20) I REY( 40) s 
~ N ~ E N , J R E N ( ~ ~ ) ~ R E L L ( ~ ~ ) , N H E ~ , F A N F R ( ~ O ~ I K P R ~ N T ~ I P R I ~ J ~  
~ N T H , C U ( ~ O ~ , T V ( ~ ~ ) I V I ~ B ( ~ ~ , ~ O ) , N C V  
l T k S S  I WVO 
COMNGN~SEPRD/G~IECA,DD,CD,DL~ AK,PTR,SMVIPOWS 
~ A M E S H I E F F H I D P C I D P T , D P R I R E T ( ~ ~ ) , R E T F ( ~ O ) ~ R E T J ( ~ ~ ) ~ ~ R E T ~  
2 R E S ( 5 n ) , R E S F ( 5 0 ) , R E S J ( 5 O ) , N R € ~ , R E R ( 5 0 ) , R E ~ E D F [ 5 O ) , N R E P  
C 0 Pl M 0 N / P R I N T X / T L H X 
DIMENSION H E A D ~ 2 0 ) ~ P C ~ N ( 2 O ) ~ X B ( 2 G ~ ~ A ~ E V E L ( Z O ) , J P R I N T ~ 2 O ~ ~ I F E E R ~ 2 0 ~  
READ REYNOLDS NUMBER VS F AND J FACTORS 
JREN = J FACTOR F O R  HEAT TRANSFER I N  CIRCULAR TUBE - NO ENTRANCE CORRECTION 
RELL = REYNOLDS IUO, FOR F R I C T I O N  FACTOR CURVE 
FANFR= FANNING F R I C T I O N  FACTOR 
GENERAL CONFIGURATION CONSTANTS OF THE SYSTEM 
UA - COF!DUCTANCt X AREA FOR CALCULATION OF COMPONENT HEAT LEAK TO AMBIENT 
AL - LEbiGTtI I N  FEET OF INTERCONNECT N L I N E S  
D - DIAMETER QF LI 'dES ( I N S I D E )  - INCHES 
COMPONENT IDENTIF ICATIONS 
1 - SEPARATOR TO COMPRESSOR 5 9 FEED L I N E  TO SkPARATOR 
2 - COMPRESSOR T O  RECUPERATOR 6 - SEPARATOR TO DUMP L I N E  
3 - RECUPkRATOR TO CONDENSER 7 - DUMP L I N E  TO CONDENSER 
4 - CONDENSER TO FEED L I N E  
COMPONENTS - SUBSCRIPTS OF U A t A L , D i B L  
8 - SEPAQATGR 11 - CONDENSER 
9 - COMPRESSOR 1 2  - TRIM HEATER 
NO- RECUPERATOR/HEACTOR 
COMPRESSOR PERFOHMANCE DATA 
NUFLQ - NUI'IBER OF DATA POINTS I N  FLOWsPOWERiHEAD CURVES OF COMPRESSOR 
VFLO - VCLUMETQIC FLOW AT INLET CONDITIONS - CFM 
PRC - PRESSURE RATIO OUTLETI INLET 
POWC - POWER CoNSUMED - WATTS 
P 6  PRESSURE A T  WHICH VFLO, PRCt AND POWC ARE CIEFINED 
REV = REYNOLDS iJ0. FOR J CURVE 
L I NE5 -SIJBSCR I PTS OF U A  B AL * D 8 QL 
T 0  - TEMPERATURE AT WHICH SFLOFPRC AND POWC ARE DEFINED 
PE COMPRESSOR POWER AT ZERO INLET PRESSURE MATTS 
STATE POINTS I N  SYSTEM PRESSUREi 
1 - I N L E T  TO FLASH VALUE 
2 - OUTLET OF P I T O T  TUBE 
3 - b R I N E  INLET TO HX 
4 - 8 R I N E  OUTLET FROM HX 
5 - SEPARATOS OUTLET -VAPOR 
6 - I N L E T  TO COMPRESSOR 
7 - OUTLET OF CO'lPRESSOR 
8 - RECUPERATOR I N L E T  
TEMPERATURE 
11 - RECUPERATOR OUTLET 
1 2  9 CONDENSER STEAM I N L E T  
13 - CONDENSER WATER OUTLET 
1 4  - BRINE TRIP1 HEATER I N L E T  
1 5  - BRINE TRIM HEATER OUTLET 
16 - 
17 - 
18 - VACUUM VENT ON CONDENSER 
F igure  8-12. URECW L i s t i n g  *' (Sheet I o f  4 )  
AIRESEARCH MANUFACTURING COMPANY 
Lo5 Angeles, Calilotnia 




0 0 0 0 7 0  




0 0 0 0 7 5  
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0001fl4 
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0001 08 
000109 
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000112 
0 0 0 1 1 3  
000114 
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0 0 0 1 1 6  
O O O l l B  
0 0 0 1 1 9  
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0 0 0 1 2 1  
0 0 0 1 2 2  
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000133 
000134 
0 0 0 1.3 6 
nooon6 
n 00  o 99 
n o u i o 3  





















9 - RECUPERATOR OUTLET T O  CAT BURNER 19 - FEED TEMPERATURE 
10 - RECUPERATOR I N L E T  FROM CAT BURNER 20 - AMBIENT TEMPERATURE 
CONDENSER DATA FOR SUBROUTINE CONDR 
DSEP = SPACING BETWEEN BRINE TURES - I N  
ALHX = LENGTH OF BRINE TUBE 
TKSS = CONDUCTIVITY OF BRINE PURE 
AFOUL = BRINE S I U E  FOULING FACTOR 
OPERATING CONDITIONS FOR SYSTEM 
PCOND 2 CONDENSER VENT PRESSURE-PSIA 
XSTART= BRINE CONCENTRATION - PERCENT SOLIDS 
A L M A X  = SEPARATOR F L U I D  LEVEL ( INCLUDING L I N E S )  -CU,IN 
CONF = FEED CONCENTRATION - PERCENT SOLIDS 
TFEED = FEED TEMPERATURE - DEG F 
TAMB = AMBIENT TEMPERATURE-DEG F 
OMEGA = SEPARATOR SPEED -RPM 
WFEED = FEED FLOW RATE -LB/HR 
WDUMP = DUMP FLOU RATE -LB/HR 
QHEAT = TRIM HEATER POWER -WATTS 
CALL UREAD 
READ ( 5 , l )  (REN(I)DJREN(I),I=~,NREN) 
READ ( 5 ~ 2 )  NREN ,NREL 
READ ( 5 ~ 1 )  (RELL( I ) ,FANFR(I ) , I= I ,NREL) 
READ ( 5 t 2 )  M 
R E A D ( 5 , l )  ( D S E Q ( I ) r A b H X ( I ) , I : l , M )  
x x x  
F igu re  8-12.. (Continued) ( S h e e t  2 o f  4 )  
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0 0 0 1 3 7  
000138 
000139 
0 0 0 1 4 0  
0 0 0 1 4 1  
0 0 0 1 4 2  
0 0 0 1 4 3  
0 0 0 1 4 4  
0 0 0 1 4 5  
0 0 0 1 4 6  
OUG147 
000148 
0 0 0 1 4 9  
000150 
000151  
0 0 0 1 5 2  
0 0 0 1 5 3  
0iiU155 
0 001 5 7 





0 0 0 1 6 4  
000165 
0 0 0 1 6 6  
0001h7 
0 0 0 1 6 8  
0 0 0 1 h 9  
0 0 0 1 7 0  
O Q f f 1 7 1  
0 0 0 1 7 2  
0 0 0 1 7 3  
0 0 0 1 7 4  
0 0 0 1 7 5  
0 0 0 1 7 6  
0 0 0 1 7 7  
0 0 0 1 7 8  
0 0 0 1 7 9  
00OlBO 




0 0 0 1 8 5  
000186 
0 0 0 1 8 7  
0 0 0 1 8 9  
0 0 0 1 9 0  
0 0 0 1 9 1  
0 0 0 1 9 2  
0 0 0 1 9 3  
0 0 0 1 9 4  
0 0 0 1 9 5  
000196 
0 0 0 1 9 7  
0 0 0 1 9 8  
0 0 0 1 9 9  
0 0 0 2 0 0  
0 0 0 2 0 1  
0 0 0 2 0 2  
0 0 0 2 0 3  
2 0 0 2 0 4  
0002135 
n s i n i 5 4  
0 0 0 1 5 6  
or1015a 
ooo i t i a  
I P R I N T  = J P R I W (  I J )  
KFEED = I F E E D ( I J 1  
WRITE (6,231 
23 F O R M A T ( l H 1 )  
KS= 0 
KC= o 
KPR I N T =  0 
T ( l P ) - T F E E D  
PRG = 1.2 + 5 @ *  co 
AOIR = 1. 
WBRIN = 200, 
KCALP = 0 
KDUMP - 0  
KHEAT - 0  
1 0 2  PSEPG = PCOND/PRG 
WVG 1 . 4  - $,.5*CO 
WVG = WVG*PCObiD/l* 5 
B D T C = W V G ~ S r / ( l i - , 7 * C O )  
DWVG=. 1 2 * W V G  
KWVl = 0 
KWV2 = 0 
K P l = O  
KP2=O 
KCO = 0 
KCONV = 0 
105 WFEED WVG 
DPS = v 1  * PSEPG 
DPS = r l * P S E P G  
1 1 0  CALL MAPRDP(OOl,CP,TP,PP,NCP,NTP,2,2,CO,TSEPG~PSEPG,2) 
CALL SEPR (001,ALEV,C0~7SEPG,PSEPG,KS) 
P ( 5 )  = PSEPG 
T ( 2 )  = TSEPG 
T ( 5 )  = TSEPC 
P ( 1 8 1 P C 0 ND 
130  CONTINUE 
WRRIh 200. 
CALL PDVAP (00$.,1,5t6,WVG) 
CALL COPPR ( O O I ~ ~ V G I K C )  
CALL PDVAP (002*2 ,7 ,8 ,WVG) 
CALL RkCUP (WVG,PREC) 
CALL PDVAP (OG313,11r12*WVG) 
CALL RFLUW 
CALL CONDR (COIWRRIN,WVC,QBRIN~PCDND) 
DPCOND=PCONR-P(lB) 
KCONV = KCONV 1 
15C CONTINUE 
c xxx CONVERGENCE ON CONDENSER PRESSURE XXXX 
I F (  ABS( DPCOND/BCOND) L T  7 * 005 > GO TO 200 
1 6 0  
2 0 0  
Figure B-12. (Continued) (Sheet 3 of 4 )  
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0 0 0 2 0 6  
000207 
000208 
0 0 0 2 0 9  
000210 
000211 
0 0 0 2 1 3  
0 0 0 2 1 4  
0 0 0 2 1 5  
0 0 0 2 1 6  
0 0 0 2 1 7  
000218 
0 !3 0 2 1 9  
0 0 0 2 2 0  
ou0221 
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0 0 0 2 2 3  
0 0 0 2 2 4  
0 0 0 2 2 5  
0 0 0 2 2 6  
0 0 0 2 2 7  
0 0 0 2 2 8  
0 0 0 2 2 9  
000230 
0 0 0 2 3 1  
0 0 0 2 3 2  
0 0 0 2 3 3  
0 0 0 2 3 4  
0 0 0 2 3 5  
0 0 0 2 3 6  
0 0 0 2 3 7  
0 0 0 2 1 2  
0 0 0 2 3 a  
0 0 0 2 3 9  
0 0 0 2 4 0  
0 0 0 2 4 1  
0 0 0 2 4 2  
0 0 0 2 4 3  
0 0 0 2 4 4  
0 0 0 2 4 5  
0 0 0 2 4 6  
0 0 0 2 4 7  
0 0 0 2 4 8  
0 0 0 2 4 9  
0 0 0 2 5 0  
0 0 0 2 5 1  
W R J T E ( 6 r 2 2 )  WVCnWVG,HVAPtT(l),TSEPG,PGEPG,KCONV 
22 F O R M A T ( 5 X , 6 F 1 0 , 4 r I l O )  




KCO = KCO + i 
IF(ABS(DWV/WVG).Lf..OOZ) GO TO 4 0 0  
I F ( K C O . E B I 1 )  DWVl =DWV 
IF(KCO.NEe2)  GO TO 205 
I F ( ( D W V / D W V l ) e L T . O + )  GO T O  2011 
IF(ABS(DWV/DWVa).LT,1.)  GO TO 2 0 5  
ADIR = -1. 
GO TO 1 0 2  
KWVl =1 
WVG=WVG-ADiR*OWVG 
KCONV = 1 
GO TO 105 
2 0 5  IF(WVC.LT.WVG) GO TO 228 - _ -  
IF (KWVl.EB.I,AND,KWVZ.EP,I) OWVG = DWVG * e5 
2 2 0  KWV2=1 
I F ( K W V l * E B . l i A N D , K W V 2 . E a . i )  DWVG =DWVG**5 
WVG = WVG*ADIRQDWVG 
KCONV = 1 
GO TO 105  
4 0 0  I F  (KPRINTeEQ.1)  G O  T O  500 
I F ( K C O . G T + Z O )  WRITE(6 ,21)  
G Q  ro 4 2 0  
410 IF (KCONV.GT.30)  W R I T E ( 6 , 2 0 )  
4 2 0  KPRINT = 1 
GO TO 2 0 0  
CALL PRINTA (HEADI IPRINT)  
P R W = P ( 7 ) / P ( 6 )  
CALL PRINTB ( A L E V I C O ~ C O N F ~ E ~ ~ I P R T N T ~ P C O N D ~ B ~ )  
CALL PRINTC (wVGiPRWnWBRINnPOWSnPOW,PREC,IPRINT,C7,C8)  
I F  ( I P R I N T T E Q . 2 )  CALL PRINTO ( I P R I N T )  
CALL SEPR (002nALEV*COnTSEPGnPSEPG,KS) 
CALL COMPR ( 0 0 2 r W V G t K C )  
CALL RECUP ( ~ V G I P R E C )  
CALL CONDR ( C O , W B R I N P W V G P ~ B R I N ~ P C O N D )  
2 0  FORMAT (lOX,'CONDENSER PRESSURE NOT CONVERGED I N  UREVC') 
2 1  FORMAT(~OXI 'FLOW RATE NOT CONVERGED I N  URECV') 
507 CONTINUE 
GO TO 50 
STOP 
EPJD 
Figure 8-12. (Continued) (Shee.t 4 o f  4 )  
AIRESEARCH MANUFACTURING COMPANY 
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ISubroutine SEPR I 
ca 1 cu 1 a t e s  pe'rf o rmance 
of phase separa tor  
I 
Is t h i s  the  f i r s t  time SEPR i I i s  ca l l ed  f o r  t h i s  case 
I 
Calculate  volume of l i n e s  i n  
brine loop 
I 
Calculate  m i n i m u m  volume i n  
separa tor  
I 
lAre outputs  t o  be wr i t t en  1 
Calculate  radius of l i q u i d  
s u r f ace 
I 
I Cali MAPRDP t Oetermine br ine v i scos i ty  I 
Calculate  Reynolds No. fo r  
p i t o t  tube i n  br ine 
0 
B 
[Calculate  head c o e f f i c i e n t  I 
I 
ICalculate draa c o e f f i c i e n t  I 
]Calcu la te  Ditot  tube head I 
B 
Calculate  p i  t o t  tube drag 
I I 
Calculate  output pressure I 
I 
l ~ a ~ c u ~ a t e  t o a l power I 
R 
Write separa tor  
performance data 
I RETURN I 
Figure B-13. Block Diagram o f  SEPR 
AIRESEARCH MANUFACTURING COMPANY 
Lo5 Angeles. California 
70-7018, Rev, I 
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F L T  S E P R 1 1 t 7 0 1 2 0 n r  55608 r 1  
Figure 8-14. SEPR Listing 
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Determine sa tu ra t ion  temperature 
o f  l i n e  a t  i n l e t  pressure 
less than sa tu ra t ion  temperature 
set  temperature equa 1 t o  
m I Call LAGIN2 -)-Determine f r i c t i o n  f a c t o r  
Calculate  pressure a t  
~~ 1 RETURN I 
Figure 8-15. Block Diagram o f  PDVAP 
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0 0 0 0 0 2  
00  0 0 0 3 
0 0 0 0 0 4  
000005 
000006 
0 0 0 0 0 7  
Oi30Ufl8 
0 O O f l O 9  
osu'J:1 
030012 
0 0 0 0 1 3  
000014  
Oc70G16 
O O L i O l 8  
0 9 0 0 1 9  
090020 
000021 
o o n o l o  
o u o u  15  
0 ~ 0 0 1 7  
0 0 0 0 2 2  
o 0 0 0 2 3  
0 0 0 0 2 4  
0 0 0 0 2 5  
OLIO026 
0 0 0 0 2 7  
000028 
0 0 0 0 3 0  
0 0 0 0 3 1  
0 0 0 0 3 2  
OU0033 
0 0 0 0 3 4  
0 0 0 0 3 6  
0 0 0 0 3 7  
OR0038 
OU0039 
0 0 0 0 4 0  
0 0 0 0 4 1  
0 0 0 0 4 2  
0 0 0 0 4 3  
0 0 0 0 4 4  
0 0 0 0 4 5  
0 0 0 0 4 7  
OR0048 
0 0 0 0 4 9  
o a o o 2 9  
0 0 0 0 3 5  
0 0 0 0 4 6  
END CUR 
Figure 8-16. PDWAP L i s t i n g  
AIRESEARCH MANUFACTURING COMPANY 
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Subroutine COMPR I 
Calculate Performance of compressor 
Test if output is to be written 
Guess housing and outlet gas 
tempe rat u re 
25 I 1 I 
[Calculate inlet volumetric flow rate I 
I 
Call LAGIN2 
ICalculate power at inlet this pressure1 
Calculate compressor heat transfer 
I Test on housing temperature I 
AIRESEARCH MANUFACTURING COMPANY 
Lo5 Angeles, California 
Determi ne compressor pressure 
ratio at this volumetric flow 
rate 
Determine compressor power at 
baseline conditions 
_ .  
Figure 8-17. Block Diagram of COMPR 
- -  ]Calculate adiabatic efficiency 
1 
Call PRINTH 
Wri te output of 
compressor performance 




0 3 0 0 0 2  
0000D3 
0 0 0 0 0 4  
0 0 0 0 0 5  








0 0 0 0 1 4  
0 0 0 0 1 5  
0 0 0 0 1 6  
0 0 0 0 1 7  
000010 
000019 




0 0 0 0 2 4  
0 0 0 0 2 5  
0 0 0 0 2 6  










0 0 0 0 3 8  
000039 
0 0 0 0 4 0  
0 0 0 0 4 1  
000042 
0 0 0 0 4 3  
0 0 0 0 4 4  
0 0 0 0 4 5  
0 0 0 0 4 7  
0 0 0 0 4 9  
000050 




0 0 0 0 5 5  
000035 
a 0 0 0 4 6  
000048 
SUBROUTINE COMPR(IDBWVIKC) 
C CALCULATES THE HEAD,TEMPpAND POWER OF THE COMPRESSOR PROGRAM CODE NO 6 
COMMON/GENRLQ/ T ~ ~ O ~ ~ U A ~ ~ O ~ ~ P ~ ~ ~ ~ ~ R L ~ ~ O ~ I D ~ ~ O ~ I A L ~ ~ ~ ~ ~ R E N ~ ~ O ~ ~  
COMMON/CO~PRR/VFL0(2O),NVF~O~PRC(20),POWC~2O~~POW~TB~PB~FE 
I F ( K P R I N T . E Q s % )  GO TO 150 
~ N R E N , J R E N ( ~ ~ ) ~ R E L L ~ ~ ~ ) P N R E ~ , F ~ N F R ( ~ O ~ D K P R I N T ~ I P R I N T  
K 1  = 0 
K 2  0 
RGAS = 85,8 
G A M M A z 1 . 3 2 2  
AG'  ( G A M M A - l * ) / G A M M A  
KLOOP 0 
10  I F ( K C . E Q . 1 )  60 TO 2 0  
TG = 6 6 0 ,  
KC = 1 
20 DDT = 10. 
2 5  RWOG = P(6)*144. /RGAS/TG 
TA = TG - 4 6 0 .  
QVAP = WV/60,/RHOG 
CALL L A G I N ~ ( ~ ~ ~ , V F L O I N V F L O ~ ~ ~ Q V A P , P R , P B C )  
CALL LAGINZ (602tVFLO,NVFL0,2,QVAP~POW,POWC) 
I F ( P O W * L T . O e )  POW-0. 
I F ( P R . L T . 1 , )  PR=I., 
PRA = PR 
POW = POW*P(6)/PB*TB/TG + PE 
TRAR = ( T ( 6 )  + T A ) / 2 ,  
CPV , 4 6  + , 0 4 6 n ( 7 B A R - 3 0 0 ' ) / 7 0 0 .  
Q L ( 9 )  = ( T A - T ( 2 0 ) ) * U A ( O )  
T ( 7 )  T ( 6 )  + (POW+3,41-QL(9)) /WV/CPV 
DT 2 T ( 7 )  - T A  
IF(ABS(DT/T(S)).LT,.ROO5) GO 7'0 1 0 0  
KLOOP = KLOOP + 1 
IF (KLOOP.EQq20)  GO TO 900 
I F ( R T . L T q 0 , )  GO TO 30 
IF ( K l . E Q , 1 I A N D . K 2 . E B . l )  DDT= DDTII.5 
K 1  1 1 
TG = TG +ODT 
GO TO 2 5  
50 K 2  = 1 
I F  ( K l . E Q . l , A ~ ~ D . K 2 1 E O , 1 )  DDT= D D T * i 5  
TG = TG - DDT 
GO TO 25 
1 0 0  P ( 7 )  = P ( 6 ) e P R A  
GO TO 1 0 0 0  
1 5 0  I F ( I P R I N T . N E , 2 )  GO TO 1000  
GPOW = P ( 6 ) * Q V A P " ( ( P ( 7 ) / P ( 6 ) l a * A G - 1 . ) / A G  
AEFF = GPOW*lQ0o*3r26/POW 
CALL PRINTF(P(~)~POWIP(~),AEFFDP~~T(~),BVAP,BL(~),IPRINT) 
GO TO 1000  
9 0 0  W R I T E ( 6 , l )  T ( 7 ) , T A  
1 FORMAT(1OXt 'TEMP NOT CONVERGED I N  C O M P R ' / 1 0 X t P T ( 7 1  "nFlOs4,'PA = '  
1, F 1 0 . 4  1 
GO TO 1 0 0  
EPJD 
1000  RETURN 
F i g u r e  6-18. COMPR Listing 
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Subrout ine  RECU 
GO TO 
IO0  
C a l c u l a t e  s h e l l  s i d e  and tube  
s i d e  p r e s s u r e  drops 
umber of t r a n s f e r  
a x i a l  conduct ion 
Determine f r i c t i o n  f a c t o r s ,  J f a c t o r s  
GO TO 
700 
F i g u r e  B-19. Block Diagram'o f  RECUP 
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@ ELT R E C U P 1 1 ~ 7 0 1 2 l l r  3 8 4 9 9  D 1 
0 0 0 0 U l  
0 0 0 0 0 3  
0000@5 
OOUUO6 
0 0 0 o '12 
0 0 ~ 0 ~ 4  
n o u o n 7  
n i3 o (I o tr 
3 0 0 u u 9  
0i jOOlO 
0 0 0 0 1 1  
0 0 0 0 1 2  
000013 
n o n o i 4  
0 0 0 0 1 5  
0 0 0 0 1 6  
0 0 0 0 1 7  
o c n o i a  
000019  
0 0 0 0 2 0  
oouu21 
0 0 0 0 2 2  
00U023 
OOOC24 
0 0 0 0 2 5  
0 0 0 0 2 6  
0 0 0 0 2 7  
0 0 0 0 7 9  
0 3 0 0 ~ 0  
0 0 0 0 3 1  
Oil0032 
0 0 0 0 3 3  
0[10034 
Oi30035 
0 0 0 0 3 6  
000037 
0 0 011 3 6 
0 0 0 0 3 9  
0 0 0 0 4 0  
0 0 0 0 4 1  
0 0 0 0 4 2  
OQ0043 
0 0 0 0 4 4  
0 0 0 0 4 5  
0 0 0 0 4 6  
0 0 0 0 4 7  
0 0 0 0 4 8  
0 0 0 0 4 9  
000050 
000051  
0 0 0 0 5 2  
0 0 0 0 5 3  
0 0 0 0 5 4  
OC30055 
0 0 0 0 5 7  
OR0058 
0 0 0 0 5 9  
0 0 0 0 6 0  
0 0 0 0 6 2  
0 0 0 0 6 3  
0 0 0 0 6 4  
0 0 0 0 6 5  
0 0 0 0 6 6  
0 0 0 0 6 7  
OUO068 
II 0 0 0 7 0 
no0028 
0 0 0 ~ 5 6  
0 2 u o 6 i  
























SUbROUTINE RECUP (WVPPREC) 
SUeROUTINE RECUP TO CALC HT, TRANSFER CHARACTERISTICS OF RECUPERATOR/ 
CATALYST RED 
INPUTS T n  SURROUTIIJE ARE I N L E T  PRESS'JRE,TEMPEt?ATURE AND VAPOR FLOW RATE 
OUTPUTS ARE OUTLET CONDITIONS (PIT).POWER AN5 HEAT LEAK 
REQUIRED DATA - FT**2  A C  - MINIMUr1 FREE FLOW AREA ON SHELL SIDE/PASS 
AF - FKONTAL AREA ON SHELL S I D E  / P A S S  - F T * * 2  
A13 - FREE FLOH AREA ACROSS RAFFLE - F T * * 2  
AL - TUBE BUNDLE LENGTH - FT 
UT - TUBE DIAMETER ( I N S I D E )  - I N  
A:JT - VUMBER OF PUBES 
AFlP - NUMBER OF PASSES ON SHELL S I D E  
AKC - THERMAL CBYDUCTIVITY OF TUBEISHELL MATERIAL 
AIRXC- HEAT TRANSFER AREA FOR A X I A L  CONDUCTION - F T * * 2  
DHED- CATALYST BED DIAMETER - IM 
DW - SCREEN WIRE DIAMETER - I N  
ALBEU- CATALYST BED LENGTH - I N  
AIIESH- SCREEN WIRE MESH - i / I N  
EFFH- I h I T I A L  GUESS ON HX EFFECTIVENESS 
DPC - I h I T I A L  GUESS ON PRESSURE DROP I N  CATALYST BED - P S I D  
DPT - I N I T I A L  GUESS ON PRESSURE DROP OF TUBE S I D E  - P S I 0  
DPB - I h I T I A L  GUESS ON PRESSURE DROP OF SHELL S I D E  - P S I D  
ETU/HR-FT-DECF 
COMMOM/R€CUPR/ A C i A F 1 A B , T L , D T , A N T , A N P , A K C , A R X C i D ~ ~ ~ , D W , A L E E D i  
~ A ~ ~ E S H , ~ F F ~ ~ , D P C ~ D P T I D P R ~ R E T O , R E T F ( ~ O ) I R ~ T F ( ~ R ) D R E T J ( ~ O ) ~ ~ R E T ~  
~ R E S ( ~ ~ ) , R E S F ( ~ Q ) , R E S J O , N R E S I R E B ( ~ O ) ~ R E ~ E D F ( ~ O ) , N R E ~  
1 INREN , JHE N ( 4 0 ) I RELL ( 4 0 1 t NREL P F ANFR ( 4 0 ) t KPR I NT I I PR I PIT 
COMMOl:/GENRLD/ T ( 2 0 )  o I J A ( 2 0 )  ,P( 20 )  p Q L ( 2 0 )  19(20), A L ( 2 0 )  IREN( 4 0 )  I 
ATUBE = 3 , 1 4 l S  *DT 112, *ANT * TL 
AOUT =ATUBE * ( D T  + , 0 0 5 ) / D T  
A A V G  (AOUT * A T U B k ) / 2 *  
I F ( K P R I N T . E Q , l I  G O  TO 700 
A = AOUT /ANP 
INCALC = 0 
RG = 8 5 . 8  
SIGMA = AC/AF 
ANB = ANP -1. 
C C 1  = 3 6 0 0 * * 3 2 q 2  
C ESTABLISH I N I T I A L ,  GUESS ON CONDITIONS 
100 T 9 G  = EFFH* ( T C l O )  - T ( R ) )  + f ( 8 )  
T11G = EFFH* ( T ( 8 )  - T ( l R ) ) * T ( 1 0 )  
P9G = P ( B ) - D P B  
P l O G  = P9G -EPC 
P l l G  = PlUC-DPT 
IF(NCALC.EQ.2)  GO T O  500 
C 
C LOOKUP AND CALCULATE F L U I D  PROPERTIES 
C S P E C I F I C  HEAT OF VAPOR - BTUILR-DEG F 
F i g u r e  8-20. RECUP L i s t i n g  (Sheet 1 o f  3)  
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0 0 0 0 7 1  
0 0 0 8 7 2  
0 0 0 0 7 3  
OU0074 
0 0 0 0 7 5  
0 0 0 0 7 6  
000077 
0 0 0 0 7 8  
0 3 0 0 7 9  
O O O G R O  
O O O O A l  





0 0 0 0 8 8  
U000119 
0 0 0 0 9 0  




o o o n 9 4  
0 0 0 0 9 5  
0 0 0 0 9 6  
0 0 0 0 9 7  
fl00098 
OUUU99 
O O o a O l  
O O O l U 2  
000103 
n o o i n o  
n o o i o 4  
o i1o ia5  
nU0106 
0 0 0 1 0 7  
U O O l U 8  
0 0 0 1 0 9  
[100110 
000111  
0 0 0 1 1 2  
000113 
0 0 0 1 1 4  
000115 
0 9 0 1 1 6  
0 3 0 1 1 7  
000118 
0 0 0 1 1 9  
000120 
0 0 0 1 2 1  
0 0 0 1 2 2  
0 0 0 1 2 3  
0 0 0 1 2 4  
0 0 0 1 2 5  
0 0 0 1 2 6  
0 0 0 1 2 7  
0 0 0 1 2 8  
0 0 0 1 2 9  
000133  
0 0 0 1 3 1  




















G11 = G I 0  
REYhOLDS NUMBER 
AElRll = 4 .*ACaTL/A *CLI/AMUR 
ANR9 4,*AC*TL/A @69/AMU9 
A N R l l =  !JT/12.*6ll /AMUIl 
PR6 = AMUB *CP8 /AK8 
PR9 = AKU9 *CP9 /AK9 
PR10-  AMUlO*CPIO/AK10 
PR11= A M U l l * C P l l / A K l h  
At+R10= O T / 1 2 r " 6 1 0  /AMUtO 
PRANDTL YUMBERS 
F R I C T I O N  FACTORS 
C A L L  LAGIN2  ( R O ~ I R E T ~ N R E T I ~ , A M R ~ , A F ~ ~ R E T F )  
CALL LAGIN2  ( ~ Q ~ , R E T # N R E T # ~ , A N R ~ I A F ~ , R E T F )  
CALL LAGIN2  ( ~ ~ ~ , R E S ~ ~ I R E S , ~ , A ~ I R ~ ~ I A F ~ O ~ R E S F )  
CALL LAGIN2  ( ~ 0 4 , R E S ~ N R E S , 2 , A N R 1 l ~ ~ F l l ~ R E S F )  
J FACTORS 
CALL LAGIN2  (H05tRET,NRET,2,ANRA,AJE,RETJ)  
CALL LAGIN2  ( ~ O ~ I R E T I N R E T , ~ , N A R ~ , A J ~ , R E T J )  
LALL L A C I N 2  ( h 0 7 r R E S , N R E S , 2 r A N R I U ~ A J l O ~ R E S J )  
CALL LAGIN2  ( ~ O 8 , R E S o N R E S ~ 2 ~ A N R 1 l ~ A J l l ~ R E S J )  
HEAT TRANSFER COEFFICIENTS - BTU/HR-FT-FT-F 
AH8 = AJ8 4 C B  * CPH / ( P R 8 * * . 6 6 7 )  
AH9 = AJ9 4 C 9  * CP9 / ( P R 9 * * . 6 6 7 )  
AH10 = A J 1 0 ~ G l O ~ C P 1 0 / ( P R 1 0 ~ 9 1 6 6 7 )  
~ H l l  = ~ J l l * G l l *  C P l i / ( P R 1 1 * * . 6 6 7 )  
S P E C I F I C  VOLUMES AND MEAN TEMPERATURES - FT-FT-FT/LBM F 
T09M = ( T ( 8 )  * T 9 G ) / 2 ,  
PA9V = P ( R )  -DPB/2, 
Vf) RC"(T(8) + 4 6 O q ) / P ( O )  / 1 4 4 .  
V9 2 RG"(T9G * 4 6 0 s ) / P 9 G / 1 4 4 *  
VR9M = RG*(T89M + 4 6 0 * ) / P b 9 M / i 4 4 *  
V i 0  R G * ( T ( I U )  + 4 6 0 o ) / P 1 0 6 / 1 4 4 *  
TlUllM=(T(lO)*TllG)/2, 
P l @ l l P l =  PlOG-[)PT/2o 
V l O 1 1 E 1  = R C * ( T l O l l Y  + 4 6 0 * ) / P i f I l l M / 1 4 4 .  
V 1 1  = R C * ( T l l G  + 4 6 O . ) / P l l G / f 4 4 .  
SHELL PRESSURE OWOP - P S I A  
GR = WV / A B  
AF89 = ( A F B + A F 9 ) / 2 ,  
DPBl G 8 * G R / 2 ~ / 3 2 r 2 * V 8 * ( ( 1 . - S I G ~ A * S I G M A ) Q ( V 9 / V E - ~ ~ ) ~ A F 8 9 * A / A C  
l*V89M/V8)+ANP/3600,/3400, 
DPB2 = 3 * 5 4 / 6 2 * 4 / l s E + 6  ~ 6 R ~ C 0 * V 1 0 1 1 M * A N B  
DPB = DPBl+DPB2 
DPB = DPR 1 1 4  
TUBE S I D E  PRESSURE DROP - P S I A  
DTF = D T I 1 2 .  
DPT ~ ~ A F 1 0 + A F 1 % ~ / 2 ~ * V 1 ~ 1 1 M * ~ L / D T F s G i O a G 1 0 / 3 2 ~ 2 / 2 ~ ~ ~ 6 0 0 ~ / 3 6 0 0 ~  
DPT = DPT/144s  
CATALYST BED PRESSURE DROP 
ANS = ALBED/2./DW 
AFRS = 3 , 1 4 1 6  *DBED *DEED / 4 ,  
VBED = 3 . 1 4 1 6  *DBED *DBED 1 
ACOAF ( ( l . / A M E S H  *DW)*AMESH ) *e28 
F i g u r e  8-20. ( C o n t i n u e d )  ( S h e e t  2 o f  3)  
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0 3 0 1 5 0  
000151 
no0138 
n o n i  4 8  
0 0 0 1 5 2  
000153 
000154 
0 0 0 1 5 5  
0 0 0 1 5 6  
0 0 0 1 5 7  
000158 
IJ J 0 159 
0 0 0 1 6 0  
000161 
















ACBED = AFRS SACOAF 
GBED = WV/ACBEDQ144 8 
AVJIRE = 6 * 2 8 3 2 * 0 W  * bFRS 'AMESH *ANS 
VSIRE = AWIRE "OW / 4 i  
PRED = l . -VWlRE/VB€D 
ALPHA = AWlRE /VBED 
RMBED =4.+RHBED*GBED/AMUlO 
RHBED =PBED/AbPHA/12e 
CALL L A G I N 2  (ti09,RER,NREB,2,RNBED,AFBED,REBEDF) 
DPC =CBED*CBED Q V i 0  QAFBED "AWIREIACBED /2,/32.2/3400./3600,/144. 
C 
C OVERALL UA FOR RFCUPERATOR 
H I  NNER = ( AH8*AH9 1 /2 8 
HOUTER = ( A H l f i + A H 1 1 ) / 2 .  
AOUT =ATUBE * (Or * , 0 0 5 ) / D T  
A A V G  = (AOUT + ATURE)/2r  
ATURE - 3 . 1 4 1 6  *DT /12. 44NT 4 TI. 
AEIVIJ l * / H I N N E R  +.005/12r /AAVG*ATUBE *l,/AOUT/HOUTER *ATUBE 
CW3.Y = WV Q (CPb+CPIO) /Zv  
UAA = ATUBEIANVU 
ANTU = UAA/CNiN 
A2 = A L A M O A  QANTV / A 1  
ALAMDA: AKC *AHXC / T L  / C M l N  
A 1  = l * *  ALAMDA * ANTU 
A I  = 1 * / ( 1 . + A N T U  *( le+ALAMDA *A2**,5 ) / A l l  
EFFH = 1, - & I  
WCALC = NCALC + 1 
IF (NCALC.LE.I) GO T O  i a o  
500 T ( 9 )  = T 9 G  
T ( 1 1 )  = T l l G  
P ( 9 )  = P9G 
P ( 1 0 )  = P l O G  
P ( 1 1 )  = P l l C  
POWC ( T ( 1 C )  - T ( 9 ) ) Q W V  *CPlO 13141 
QL(10) = ( ( T ( l O ) + T ( l 1 ) ) / 2 @  w T ( 2 0 ) )  * UA(10) 
PHEC = POWC + WL(10)/3*41 
C POWER TO OVERCONE I IqFFFICTlVENESS 
C TOTAL POWER - WATTS 
G O  TO l o o n  
7 0 3  I F ( I P H I N T . N E ~ 2 )  G O  TO lOS0 
CALL PRINTG ~ T ( ~ ) , P ( ~ ) ~ ? ( l l ) , P ( l I ) , E F F H , D P B , B L ( l O ) ~ D P T ~ P R ~ C , T ( 9 ) ~  
IDPC, P (  9 1, I P R I ' I T )  
1 0 0 0  RETURI.1 
E bl 12 
Figure B-20, (Continued) 
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70 
I O 0  
Determine condensation temp 
Determine br ine v i scos i t y  
Calculate b r i ne  speci f ic  heat, 
thermal conduct iv i ty  
Calculate b r i ne  Reynolds No. and 
Prandtl  No. 
B 
I 
CALL LAGINZ Determine tube J factor  
I 
I 
Calculate b r i ne  heat t ransfer  
coe f f i c i en t  
I I 
Determine vapor v i scos i t y  
Calculate b r i ne  temperature 
t Determine water heat o f  vaporization 
Calculate water condensed i n  I element I 
I 
Calculate vapor f low f o r  
Calculate vapor v iscos i ty ,  and 
Determine f r i c t i o n  factor  for  vapor 
GO T 
I050 
F igure B-21. Block Diagram o f  CONDR 
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0 0 0 0 0 4  
0 0 0 0 0 6  
000007 
000008 
0 0 0 0 0 9  
000010 
0 0 0 0 1 2  
000013 
0 0 0 0 1 4  
0 0 0 0 1 5  
0 0 0 0 1 6  
000017 
O O O O l 8  
0 0 0 0 1 9  
000020 
00002l 
0 0 0 0 2 2  
000023 
0 0 0 0 2 4  
OU0025 
0 0 0 0 2 6  
000027 
0 0 0 0 2 9  
0 0 0 0 3 0  
0 0 0 0 3 1  
0 3 0 0 3 2  
0 0 0 0 3 3  
0 0 0 0 3 4  
0 0 0 0 3 5  
000036 
0 0 0 0 3 7  
Oil0038 
000059 
0 0 0 0 4 0  
0 0 0 0 4 1  
0 0 0 0 4 2  
0 0 0 0 4 3  
000044 
000045 
0 0 0 0 4 6  
0 0 0 0 4 7  
0 0 0 0 4 8  
0 0 0 0 4 9  
0 0 0 0 5 1  
0 0 0 0 5 2  
000053 
0 0 0 0 5 4  
0 0 0 0 5 5  
0 0 0 0 5 6  
000057 
000058 
0 0 0 0 5 9  
O O O O b l  
0 0 0 0 6 2  
0 0 0 0 6 3  
0 0 0 0 6 4  
0 0 0 0 6 5  
0 0 0 0 6 6  
000068  
0 0 0 0 6 9  
000070 
o o o o n 2  
0 0 0 0 0 s  
o o n o i i  
00002a 
oa0050 
o o o a 6 0  
n o 0 0 6 7  
SUBROUTINE CONDR (COtWBRINrWVV,QBRIN,PCOND) 
C SUBROUTINE FOR DETERMINING THE PERFORMANCE OF THE CONDENSER/BRINE 
C HEATER 
C T H I S  PROGRAM CALCULATES THE CONDENSER PRESSURE REQUIRED FOR COUPLE 
C TE CONDENSATION, ALSO B R I N E  HEAT TRANSFER AND HEAT LEAK 
COMMON/GENRLD/ T ~ 2 0 ~ ~ U A ~ 2 0 ~ , P ~ 2 0 ~ ~ Q L ~ 2 O ~ ~ D ~ 2 O ~ ~ A L ~ ~ O ~ ~ R E N ~ 4 O ~ ~  
C O M M O N / U P R O P / T P ( 6 5 ) , C P ( 2 0 ) , P P ( 6 5 , 2 0 ) , N T P , ~ ~ C P ~ T H ( 4 3 ) , H H ( 4 3 ) ~  
1NREN,JREN(4O) ,RELL(40) ,NRE~,FANFR(4O)~KPR~NT~IPRINT 
~ N T H I C U ( ~ O ) , T V ( ~ ~ ) ~ V I S R O , N P V , N C V  
1TKSSn WVO 
C ~ M M O N / C O N D D / V P C ~ ~ ~ ~ ~ , B T C ( ~ O ~ , B T C ~ ~ O ~ , A L ~ X ~ ~ O ~ ~ D S E P ~ ~ O ~ ~ A F O U L ,  
DIMENSION W V ( 1 O ) ~ Q B ( % O ) ~ O P V ( l O )  
I F ( K P R I N T , € Q , l )  GO TO 1050 
P I = 3 . 1 4 1 5 9  
KK2 = U  
K K I  = 0 
KLOOP a 
50 




C AKRRIN I N  BTU/HR/FT/R CPBRIN IN BTLI/LB/R MU I N  
C 
C CALCULATE REYNOLDS NO FOR BRINE 
C LOOK UP J FACTOR 
C CALCULATE BRINE HT TRANSFER COEFF 
2 0 0  X R E N = 4 . # W B R I N / 3 , 1 4 1 6 / G I / A U / 2 r 4 3 2 3  
CALL L A G I N 2  ( ~ O I , R E N I N R E N ~ ~ , X R E N , X J , J R E N )  
PRB = AU*CPBRIN/AKBRXN 
PRB=PRR*2.42 
I F ( P R R . L E . 0 . )  60 TO 340 
H R = 4 , ~ W B R I N * C P B R I N ~ X J / S , 1 4 I 6 / U I ~ D I / P R B ~ * ~ ~ 6 7  
C 
C CALCULATE STEAM CONOENSI NC COEFFICIEYT 
A K W A T = . S 4 7 ~ ( ~ . * , 0 0 1 5 a ( V 7 C ( I ) - 1 0 0 1 ) )  
TSTM = B T C ( 1 )  * Os2 * ( V T C ( I ) - B T C ( I ) )  
CALL MAPREP ( ~ R ~ , C U , T V I V I S B , N ~ V , N T V , ~ , ~ , ~ , , V T C ( I ) , A U W I ~ )  
I F ( V T C ( I ) e L E + T S T M )  GO TO 320 
HS = . 7 2 5 * ( 6 2 ~ 4 3 ~ 4 , 1 7 * 1 0 . ~ ~ 8 ~ ~ 0 2 O ~ * A K W A T a r 3 / A U W ~ D O / ( V T C ( I ) ~ T S T M ) ~ ~  
1 * * 2 5  
C 
C CALCULATE THE OVERALL HEAT TRANSFER COEFF 
C 
UINV = DO /DY/ HB + 1 * / H S  + AFOUL + DO*ALOG(DO/D1)/2*/TKSS 
u = l . / U I N V  
GO TO 3 4 0  
3 2 0  U = 0.  
3 4 0  AHT=PI*DO*ALHX( 1 )  
3 5 0  P B ( I ) = U * A H T  * ( V P C ( I ) - B T C ( I ) )  
DELTB = QB(  I ) /WBHIN/CPBRIN 
AHT = A H T I 1 2 ,  
C 
C LATEhJT HEAT OF STEAk 
C VAPOR FLOW R4TE 
CALL L A G I N 2  ( 7 8 2 r f M , N T H , 2 , V T C ( I ) , H ~ V ~ H H )  
4 0 0  W V ( I )  Q R ( I ) / H L V  
450 SLJMUB = SUMQB+QB(I) 
I F  (SUYWV + W V ( I ) . G T . u V V )  W V ( I )  = WVV-SUMWV 
SIJMWV=SUMWV+WV( I ) 
F i g u r e  8-22. C O R D R  L i s t i n g  ( S h e e t  I o f  2)  
AIRESEARCH MANUFACTURING COMPANY 
LOB Angeles. California 





0 0 0 0 7 4  
0 0 0 0 7 5  
0 0 0 0 7 6  
0 0 0 0 7 7  
000078 
0 0 0 0 7 9  
OOOO8G 
O O O O R l  





0 0 0 0 8 7  
U00058 
0.30089 
0 0 0 0 9 0  
0 0 0 0 9 1  
0 0 0 0 9 2  
0 0 0 0 9 3  
0 0 0 0 9 4  
0 0 0 0 9 5  
0 0 0 0 9 6  
0 0 0 0 9 7  
0 0 0 0 9 8  
0 0 0 0 9 9  
no01  00  
O O O l U l  
0001u2 
0 0 0 1 0 3  
000104 
0 0 0 1 0 5  
0 0 0 1 0 7  
0 0 0 1 0 6  
0 0 0 1 0 9  
OUOl lO  




0 0 0 1 1 5  
000116 
0 0 0 1 1 7  
000118 
ooaiu6 
0 0 0 1 1 9  
0 0 0 1 2 0  
0 0 0 1 2 1  
000122 
0 0 0 1 2 3  
000124 
0 0 0 1 2 5  
0 0 0 1 2 6  
C VAPOR PRESSURE DROP 
500 UVAP = 1 . 8 1  +- 0 0 8 9  * ( V T C ( I ) * * . 8 8 ) * * 0 3 2 2  * e36 
AF = DO Q (DSEQ(I)sBO)-3.1416*DO*DOQ.25 
WP = 2.*(DSEP(I) 9 DO)  + 3 . 1 4 1 6 * 0 0  
RH = AF/VP 
WVDP = sur twv-wv(  I ) / 2 #  
GV = WVDPIAF 
R O V  = V P C ( I ) / 8 5 * B / ( V T C ( I ) + 4 6 0 . ) 4 1 4 4 .  
REV 4*QRH*GV/UVAP 
C A L L  LAGINO (793,RELL,NAEL,2#REVtFAV,FBNFR) 
D P V ( I 1  = F A V * ~ L H X ( I ) a G V * C V / R H / R O V * X P / l 2 *  
550 V P C ( I + 1 )  = V P C ( I ) + D P V ( I )  
B T C ( I + l )  = B T C ( I ) * D E L T B  
I F ( I . G E . 7 )  GO TO 400 
I =  1 + 1  
GO T O  i o n  
60Q DPC = V P C ( B ) - P ( 1 2 )  
KLOOP KLOOPbl  
I F ( K L O O P , G T P ~ O )  GO TO 1100 
I F ( A B S ( O P C / P ( I 2 ) l i b E 1 . 0 0 2 )  G O  TO 6 4 0  
I F ! V P C ( 8 ) . L T * P ( 1 2 ) )  GO TO 620 
I F ( K K l . E U . l . A N D . K K 2 . E ~ , 1 )  DPCOND = DPCONDa.5 
K K 1 = 1  
PCUESS = PCUESS-UPCOW 
G O  TO 70 
K K 2 = 1  
PGUESS = PGUESS+DPCOND 
G O  TO 7 0  
6 40 QL ( 1 3. ) = U A ( 11 1 * ( \I TC t 3 ) -T  ( 20 ) 1 
6213 IF(KKl.EQ,l.AND.K#2,EQil) DPCOND=DPCOND**5 
AVAPT = ( T ( 1 2 )  + V T C ( 9 ) ) / 2 ,  
CPVA = 0 . 4 6  +- ~ 0 4 P * ( A V A P T - 3 0 0 . 1 / 7 0 0 ~  
QVAP = CPVA * SUFiWV Q ( T ( 1 2 ) - V T C ( 9 ) )  
QLIQ = SUMWV * HLV 
QhVAIL  = Q V A P + Q L I Q - Q b ( l l )  
DQHX = QAVAIL-SUMQB 
WVO = DQHX/HLV 
P ( 1 8 )  = V P C ( 1 )  
Q B R I N  = SIIMQG 
G O  TO 1200 
1 0 5 0  I F ( I P R I N T . N E . 2 )  GO T O  1 2 0 0  
B O P = P ( 3 ) - P ( 4 )  
V3P = V P C ( 8 )  - VPC(1 )  
B D T = T ( 4 ) - T ( 3 )  
CALL P R I N T H ( J S ~ I N I W V V , B D P , P ( ~ ~ ~ ~ B D T ~ V D P , H B , V T C ~ ~ ~ ~ T ~ ~ ~ ~ H S ~ ~ L ~ ~ ~ ~ Y  
IF (WVO.LE.0 . )  WVO=OI  
i 0 O O  T ( 4 )  = T(3)+S~JMOB/CPL341N/WBRIN 
I I P R I N T )  
Figure 8-22. (Continued) 
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles, California 
(Sheet 2 o f  2 )  




lCal1 BTEMP Betermine temperature in brine loop 
Set up-indices for line segment I 
No. 12 L = 5 
I O 0  Determine brine viscosity 
]Calculate Reynolds No. I 
Call LAGIN2 Determine friction factor 
lcalculate Pressure OroD I 
Test on L 
I I I 
L = l  L = 2  L = 3  L = 4  L = 5  L = 6  
200 300 400 500 600 800 
800 
GO to 5 J 
F i g u r e  B.-23. Block Diagram of  BFLOW 
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0 0 0 0 0 4  
0 0 0 0 0 6  
0 0 0 0 0 7  
0 0 0 0 0 8  
@00009  
0 0 0 0 1 0  
000011  
0 0 0 0 1 2  
0 0 0 0 1 3  





0 0 0 0 2 1  
0 0 0 0 2 2  





0 0 0 03 0 
0 0 0 0 3 2  
0 0 0 0 3 3  
0 0 0 0 3 4  
0 0 0 0 3 6  
0 0 0 0 3 7  
0 9 0 0 3 8  
000039 
0 0 0 0 4 0  
0 0 0 0 4 1  
000042 
0 0 0 0 4 3  
000045 
000040 
0 0 0 0 4 7  
000048 
0 0 0 0 4 9  
000050 
0 0 0 0 5 1  
000052 
000053 
0 0 0 0 5 4  
000055 
0 0 0 0 5 6  
0 0 0 0 5 7  
000058 
no0005 





0 0 0 0 3 5  
000044 
COMMON/BFLQWD/WBRIN*CO,KDUMP,WDUMP 
C O M M O N ~ U P R O P / T P ~ 6 5 ~ ~ C P o r P B ( 6 5 , 2 0 ) , N T P ~ N C ~ ~ ~ H ~ 4 ~ ~ ~ H ~ ~ ~ ~ ~ ~  
COMMON/GENRLQ/ 
COMMON/BTEMPD/KFEED~KHEAT~QHEAT~WFEED,CONF 
l N T n , C U ( 2 0 ) , T V ( B S ) r V I S B ( ~ 5 , 2 O ) , N T V t N C V  
l N R E N r J R E N ~ 4 0 ~ ~ R E L L ~ 4 Q ~ ~ N ~ E ~ ~ F A ~ F R ~ 4 O ~ ~ K P R I N T ~ I P R I N ~  










1 0 0  
I = 9 P I T O T  TO SEP OUTLET J = 2 K 1 7  
I = 6 SEP CUTLET TO D U W  J = 17  K : 1 6  
I = 7 DUMP TO HEAT EX J = f 6  # =  3 
I ='A0 HEAT EX TUBE J =  3 K " .  4 
I = 4 HEAP EX TO FEED J =  4 K 14 
I = 8 TRIM HEATER J = 1 4  K 15 
K :  1 I = 5 TRIM HEATER TO VALVE J = 15 
I F ( K P R I N T e E Q o 1 )  G O  TO 1000 
K I  =O 
KCOUNT 0 
K2 -0 
WBR = WBRIN 
CALL BTEMP (WBR I CO) 
PSAT = P ( 5 )  
1 = 6  
J= 2 
K 1 1 7  
L+ 1 
TRAR = ( T ( J )  * T ( K ) ) / 2 ,  
UW = . l * W B R I N  
PCONV 31 
CALL MAPRD6 (302, CU, T i ;  V I S B P  NCV, NTV, 21 2,  COO TBARt Aut 1) 
C DIMENSIONS .. D - INCHES L - FEET MU - CP WBR - LE/HR 
RE 4 , * W B R / 3 1 1 4 1 6 / A U / D ( I ) / r 2 0 1 5 9  
CALL L A C I N 2  (3Dir REILINRELI~,RE*FAIFANFR) 
RHOB = ( . 4 7 7 5  +CO *,99325 ) *  62 .43  
P ( K )  P ( J )  - DPOL * A L ( f )  
GO TO ( ~ 0 0 r ~ 6 0 ~ 4 0 0 ~ 5 0 0 ~ 6 0 0 ~ 8 0 O ) , L  
200 I = 7 
J = 1 7  
# = 3  
L = 2  




K = 4  
L =  3 
GO TO 100  
400 I =  4 
D P O L ~ F A * 2 ~ ~ W B R ~ W B R ~ ~ 3 ~ 1 4 1 6 * 3 ~ ~ 4 l ~ ~ D ~ I ~ * * 5 ~ R ~ O B ~ * ~ O Q O ~ 6 6 3  
J= 
K = 1 4  
L = 4  
GO TO 1 0 0  
500 1 - 1 2  
J = 1 4  
# = I 5  
L = 5  
Figure 8-24. BFLOK L i s t i n g  (Sheet I of 2 )  
AIRESEARCH MANUFACTURING COMPANY 
Los Angelea. California 






0 0 0 0 6 3  
000064 
COO065 


















m o a 7 4  
nooo7a 
GO TO 100 
600 CONTINUE 
650 1 = 5  
J = 1 5  
K=1 
L = 6  
GO TO 100 
KCOUNT = KCOUNT +1 
800 ERP = P ( 1 )  -PCONV 
IF(KCOUNT*EQ*20) GO T O  900 
IF (ABS(ERP/PCONV)iLT. '01) G O  TO 1000 
IF (ERPtLT. 8 , )  GO TO 850 
K1 = 1 
IF ( K 1 ~ E Q ~ l ~ A N D ~ K 2 r E Q ~ l ) R W  =DW * e 5  
WBR=WBR+UW 
GO TO 5 
8 5 0  K2=1 
IF (Kl.EQ,l.AND.K2'EQ,l) DW = DW * e 5  
WRR=WBR-OW 
GO TO 5 
900 WRITE(601) WBRtPCONVFP(1) 
1 FORMAT(lOX,'BRINE FLOW NOT CONV 4N BFLOW'/~~XI'WBR ='~F10,4r1PCONV 
1='0Fl0*4,'P(l,> "'tF10.4) 
1000 WBRIN=WBR 
CALL BTEMP (WBRPCO) 
RETURN 
END 
Figure 8-24. (Continued) 
AIRESEARCH MANUFACTURING COMPANY 
Lo5 Angeles. California 
( S h e e t  2 of 2 )  
70-7018, Rev. I 
Page 8-45 
Subroutine BTEMP 
Ca 1 cu la t e  temperature 
i n  b r i n e  loop 
I 
ICalculate br ine  s p e c i f i c  heat  I 
Ca lcu la te  heat  leak i n  l i n e  I seament No. 6 
Calculate  temperature a t  I7  I 
I 
Calcula te  heat  leak i n  l i n e  
segment No. 7 
I 
Calculate  temperature a t  3 
I 
Calculate  temperature a t  4 I 
I 
Calculate  heat  leak i n  l i n e  
segment No. 4 
I 
E 
Calculate  temperature a t  14 I 
I 
Calculate  temperature a t  15 
seament NO. 5 
Ca 1 cula t e  temperature a t  
i n l e t  t o  f l a sh  valve 
RETURN I 
Figure 8-25. Block Diagram of BTEMP 
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles. California 
70-7018, Rev. I 
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I RETURN i 
I Write condenser performance data I 
F igu re  8-27. Block Diagram of PRINTT 
AIRESEARCH MANUFACTURING COMPANY 
Lo5 Angeles, California 








0 0 0 0 0 7  
OR0008 
OOOc709 
0 0 0 0 1 0  
0 0 0 0 1 1  
0 0 0 0 1 2  
000013 
0 0 0 0 1 4  
030015 
O U O O l b  
0 0 0 0 1 7  
OOOOl8 




0 0 0 0 2 3  
OJOO24 
0 0 0 0 2 5  
000026 
0 0 0 0 2 7  
0 0 0 0 2 8  




0 0 0 0 3 4  
000035 
000034 
0 0 0 0 3 7  
0 0 0 0 3 8  
0 0 0 0 3 9  
000040 
0 0 0 0 4 1  
0 0 0 0 4 2  
000043 
0 0 0 0 4 4  
0 0 0 0 4 5  
0 0 0 0 4 6  
0 0 0 0 4 7  
000048 
0 0 0 0 4 9  
000050 
0 0 0 0 5 1  
ROO052 
000053 
0 0 0 0 5 4  
0 0 0 0 5 5  
0 0 0 0 5 6  
0 0 0 0 5 7  
0 0 0 0 5 8  
0 0 0 0 5 9  
0 0 0 0 6 0  
0 0 0 0 s 1  
0 0 0 0 6 2  
000063 
0 0 0 0 6 4  
000065 
O O O O h b  
13000h7 
000068  





l N F E N ~ J H E N ( 4 0 ) a R E L L ( 4 O ) ~ N R E L P F A N F R ( 4 O ) ~ ~ P R I N ~ ~ I P R I N ~  
COMIION/PRI NTXITLHX 
COMMON/COMPRD/VFL0(2Q),NPR P P R ~ ( ~ O ) , P O W C ( ~ O ) , B O W  t T B  tPBpPE 
C O M M O N ~ C O N D D / V P C ~ ~ R ~ ~ V P C ~ ~ O ~ ~ B T C ~ ~ O ~ , ~ L ~ ~ ~ ~ O ~ ~ D S E P ~ ~ Q ~ ~ A F O ~ L ~  
ITKSSa WVO 
CQMMON/SEPRD/OMEGA,DD,CD*DL,AKIPTR,SMVpPOWS 
COMMOFJ/RECUPD/ AC,AFPAB,TLtDT,ANTEANBe KC,ARXC,DBEDrDW,ALBED, 
~ A I I E S H ~ E F F H ~ D P C ~ D D T , D P B ~ R E T ( ~ O ~ ~ R E T F ( ~ ~ ~ D R E T J ~ ~ O ~ ~ N R E J ~  
2 R E S ( 5 0 ) , R E S F ( 5 Q ) , R E S J ( 5 O ) ~ N R E S , R E B ( 5 0 ) , R E B E D F ( 5 O ) ~ N R E ~  
C T H I S  SUBROUTINE IS USED TO PRINT ALL OF THE DATA FROM URECU 
C T H I S  ENTRY IS FOR L I S T I N G  SYSTEM CONFIGURATION DATA 
DIMENSION D P ( 2 0 ) , H € A D ( 2 0 )  
ENTRY PRINTA (HEADI IPRINTI  
WRITE ( 6 r l )  HEAD 
W R I T E ( 6 8 2 )  DDIAK~DL,CD,PTR,SMVIUA(~) 
WHITE ( 6 8 3 )  U A ( 9 )  
WRITE ( ~ , ~ ) ( V F L O ( I ) P P R C ( I ) ~ P O W C ( I ) , I = ~ , N P R )  
TF = TL"12 .  
WRITE ( 6 , 5 )  A ~ ~ f , A C , A N P , A F , T F , ~ B , D ~ r A U X C , U n ( l O ) , A K C  
d R I T E  ( 6 1 6 )  ALBEDnDWtDBEDtAMESH 
WRITE ( 6 t 7 )  V b W X i A F Q U L , D ( l l ) , U A ( l l )  
WRITE (688) A L ( 4 ) r D ( 4 ) t U A ( 4 )  
WRITE ( 6 1 9 )  A L ( 5 ) s 8 ( 5 ) t U A ( S )  
WRITE (6 r I .O)  ~ L ( ~ ) P D ( ~ ) , U A ( ~ )  
WRITE (6,111 A L ( 7 ) r D ( 7 ) , U A ( 7 )  
WRITE ( 6 r i 2 )  AL( 1) u ! J (  1) , I I A (  1) 
WRITE ( 6 r 1 3 )  A L ( 2 ) t D ( 2 ) , U A ( 2 )  
WRITE ( 6 1 1 4 )  A L ( 3 ) t D ( 3 ) s U A ( 3 )  
1 FORMAT ( 1 H 1 ,  9 X , 2 0 8 4 / )  
2 FORMAT ( IOXP 'CONFIGURATION DATA ' / / ~ D X I ~ S E P A R A T O R  ' / 2 8 X i ' R O T A T I N G  
IDRUM V I T H  P ITOT TUBE L I Q U I D  P I C K U P ' / /  
2 1 b X ~  'DRUM DIARETER = ' , F 1 0 1 4 ~ '  INCHES',13X, 
3 ' P I T O T  HEAD COEFFICIENT = ' r F 1 0 1 4 /  
418Xa'DRUPl LENGTH = ' , F 1 O t 4 a 1  INCHES', ISX, 
5 ' P I T O T  DRAG GOEFFICIENT = ' , F 1 0 1 4 /  
b l R X , ' P I T O T  TUBE RADIUS = ' a F 1 0 * 4 , '  INCHES'a13Xa 
'I'MKNIMUM SEPARATOR VOLUME = ' , F i O s 4 ~ '  C U , I N l ' /  
81IIX,'HEAT LEAK TO AMBIENT = ' , F l O e 4 8 '  B T U / H R / F ' / )  
3 FORMAT (10Xt'COMPREGSOR ' /28X, 'TWO STAGE VORTEX WIYH SINCLE SlDED 
21DXi 'HEAT LEAK TO AMBIENT = ' , F 1 0 , 4 ~ '  BTU/HR/F'/26X,'FLOW(CFM)', 
31RXn'PRESS R A ? I 0 ' , 7 X u ' P G W E R ( W A T T S ) ' )  
lWHEELS ' / /  
4 FORMAT (15%,3F20.4)  
5 FORMAT ( / l O X p ' R E C L I P E R ~ T O R  '/2AX,'CROSS-COUNTER FLOW SMELL TUBE EXC 
lHANGER WfTW INLET ON SWELL S I D E e / /  
2 1 N X r  'NUMBER OF TUBES = ' , F l O r 4 r 2 0 X 9  
3'FLOW AREA ON SHELL S I D E  = ' , F 1 0 9 4 # '  F T - F T ' I  
418Xr 'NUNBER OF PASSES = ' r F l O e 4 ~ 2 O X ,  
5'FRONTAL AREA SHELL S I D E  = ' t F l 0 . 4 , '  F T - F T ' /  
6 1 8 X r ' T U B E  LENGTH + ' , F l O t 4 1 '  I N C H E S ' P ~ ~ X ~  
7 'BAFFLE FLOW AREA = ' , F 1 0 1 4 , '  F T - F T ' /  
6 1 8 x 1  'TUQE DIANETER = ' r F l 0 . 4 , '  I N C H E S ' S ~ S X I  
9 ' A X I A L  CONDUCTION AREA = ' , F 1 0 9 4 , '  F T - F T ' /  
A l n X r ' H E A T  LEAK T O  AMBIENT = ' a F 1 0 . 4 ~ '  B T U / H R / F ' r l l X ,  
B ' A X I A L  COND GONDUCYIVITY = ' a F l O , 4 * '  BTU/HR/FT /F ' / )  
lALONG A X I S ' / /  
8 FORMAT (10Xr 'CATALYST BED ' / 2 R X ? ' W I R E  MESH CATALYST BED WITH FLOW 
21RXt 'BED LENGTH =',F1014,' INCHES'rl3Xt 
3 'WIRE DIAMETER = : ' , F 1 0 * 4 ~ '  INCHES' /  
418x1 'BED DIAI'IETER = ' r F 1 0 * 4 , '  I N C H E S ' O ~ ~ X ,  
5'MESH SlZE S ' I F ~ O I ~ P '  W I U E S / I N ' / )  
7 FORMAT (10XP'CONDENSEP q / 2 8 X p ' S P I R A L  TUBE WX-BRINE ON INSIDEISTEAM 
I O N  OUTSIDE -COUNTER FLOW' / /  
218Xs 'TUBE LENGTH = ' ,F10 .4 , '  I N C H E S ' , ~ ~ X I  
3 'FOULING FACTOR = I  ,F10,4/  
418x1 'TUBE DIAl lETER = ' , F 1 0 . 4 r V  INCHES ' t13Xo  
5'HEAT LEAK TO AMBIENT = ' ~ F l O s 4 r '  B T U / # R / F ' / / e O X , ' F L U I D  L I N E S  
~ ' / ~ ~ X I ' L E N C T H ( F T ) ' ~ ~ X I ' D I A M E T E R ( I N ) ' , A X ~ ' U A ( B T U / H R / F ) ' / ~ ~ X ~ ' ~ R ~ N E  
F i g u r e  B-28, PR1NT.T L i s t i n g  ( S h e e t  I of 3)  
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0 0 0 0 7 1  
000072 
0 0 0 0 7 3  
0 0 0 0 7 4  
0 0 0 0 7 5  
0 0 0 0 7 6  
0 0 0 0 7 7  
000078 
0 0 0 0 7 9  
O O O O ~ O  
OS0081 
0 30 0 0 2  
@ 0 0 0 8 3  
0 0 0 0 6 4  
0000R5 
OOUOCl6 





0 0 0 0 9 2  
0 0 0 0 9 3  
0 0 0 0 9 4  
000095 
0 0 0 0 9 6  
0 0 0 09 7 
0 0 0 0 9 8  
0 0 0 0 9 9  
@ 00 1 [I 1 
0 0 0 1 0 2  
0 0 0 1 n 3  
000105 
000106 
0 0 0 1 0 7  
0 0 0 1 0 9  
000110 
000lll 




0 0 0 1 1 6  
0 0 0 1 1 7  
U O O l l 8  
0 0 0 1 1 9  
0 0 0 1 2 0  
0003 2 1  
0 0 0 1 2 2  
0 0 0 1 2 3  
0 0 0 1 2 4  
3 0 0 1 2 6  
0 0 0 1 2 7  
f l 00120  
0 0 0 1 3 0  
000131  
000133 
0 0 0 1 3 4  
0 0 0 1 3 5  
0 0 0 1 3 6  
0 0 0 1 3 7  
0 0 0 1 3 8  
000140  
0 0 0 1 4 1  
0 0 0 1 4 2  
n o o i n o  
o a 0 I ri 4 
no o I 08 
300125  
0 0 0 1 2 9  
0 0 0 1 3 2  
0 0 0 1 3 9  
7 L I N E S '  
8 FORMAT (18Xs'CONDEMSER PO FEED ",3F20e'4) 
9 FORMAT (18Xo 'FEED PQSEPAR 
1 0  FORMAT (18X,fSEPARATOR TO 
11 FORMAT (18Xt 'OUMP TO CONDENSER ' S ~ F Z O * ~ / ~ ~ X , ' V A P O R  L I N E S ' )  
1 2  FORMAT (18Xt 'SEPARATOR TO COMPRESSOR ' , F 1 O e 4 1 2 F 2 0 ~ 4 )  
13 FORMAT (~~XI 'COMPRESSOR TO RECUPERATOR ' > F 1 0 , 4 , 2 F 2 0 * 4 )  
1 4  FORMAT (18Xv'PECUPERATQR TO CONDENSER ' , F 1 0 . 4 8 2 F 2 0 9 4 )  
RETURN 
ENTRY PRINT6  ( 8 1 , R 2 , 6 3 , 8 4 , I P R I N T i H 5 , B 6 )  
B2P = B2*100e  
C T H I S  ENTRY IS FOR L I S T I N G  OPERATING CONDITIONS OF SYSTEY 
a 3 p  = t u ~ i o o .  
W R I T E ( 6 t 2 0 )  B 3 i T 1 2 0 ) , 8 2 P ~ T ( l P ) ~ B 3 P ~ B 5 r T ( l O )  
2 0  FORMAT ( lHl , IOX, 'PERFORMANCE DATA1/ /16X i 'OPERATINC CONDTIONS ' /  
1 1 f i X ~  'SEPARATOR LEVEL = ' , F 1 8 * 4 ~ '  CUeIN ' ,14X,  
2 'AMBIENT TEMPERATURE = ' , F l U a 4 r '  DEG F ' /  
31AXv 'RRINE CONCENTRATION = ' , F l t i * 4 ~ '  PERCENT S O L I D S ' I ~ X ,  
4 'FEED TEMPERATURE = ' ~ F l O s 4 , '  BEG F ' /  
51RXP'FEED CONCENTRATION = ' s F 1 0 , 4 , '  PERCENT SOLIDS'sSX,  
4 ' VENT PRESSURE = ' r F 1 0 * 4 r '  P S I A ' I  
71RXB'CATALYST VEPlPERATURE - ' , F 1 0 * 4 )  
RETURN 
ENTRY PRINTC (Cl,C2,C31C4,C5rCB,IPRINT,CB) 
WRITE ( 6 0 3 0 )  C ~ P C ~ , P ( ~ ) , C ~ , C ~ , C ~ , C ~ , W V O  
3 0  FORMAT ( / 1 6 X t ' S Y S T E M  PERFORMANCE SUMMARY ' /  
11PXt 'WATER PROD. RATE = ' ~ F 1 0 . 4 , '  LB /b iR ' t14X ,  
?'SEPARATOR POWER = ' , F f 0 * 4 1 '  WATTS'/ 
31AX,'SEPARATOR PRESSURE = ' ~ F l t l * 4 ~ ~  PSIA ' ,15X ,  
4'COMPRESSOR POWER = ' r F 1 0 * 4 ~ '  WATTS'/ 
510X,'COMPRESSOR PRESS R A T I O = ' , F l 0 ~ 4 , 2 O X ,  
6'CATALYSTlRECIJP * POWER = ' ~ F 1 0 . 4 , '  WATTS'/ 
71RX, 'BRINE FLOW RATE = ' , F 1 0 * 4 , '  L B / H R ' t 1 4 X t  
A 'VAPOR CARRYOVER = ' , F 1 0 * 4 , '  L B / H R ' / )  
RETURN 
EPJTRY PR I NTD ( IPR I NT 1 
WRITE ( 6 8 4 0 )  
4 0  FORMAT(/ lO%,'SYSTEM STAYE POINTS ' , 4 O X , ' P H E S S U R E ( P S I A ) ' , 7 X , ' T E M P E 9  
lATURE(DEG F ) ' )  
WRITE ( 6 , 4 1 1  P ( l ) , T ( I )  
WRITE ( 6 , 4 2 1  P ( 2 ) , T ( ( 2 )  
WRITE ( 6 , 4 3 1  P ( 3 ) 1 T ( 3 )  
WRITE ( 6 , 4 4 1  P ( 4 ) s T ( 4 )  
WRITE ( 6 , 4 5 1  p ( 5 ) , T ( 5 )  
WRITE ( 6 1 4 6 )  P ( b I r T ( 6 )  
WRITE ( 6 , 4 7 1  P ( 7 ) , T ( 7 )  
k G I T E  (6,481 P ( B ) , T ( B )  
WiiITE (0,491 P ( 9 ) , T ( 9 )  
WRITE ( 6 ' 5 0 )  P ( l O ) , T ( I O )  
WRITE ( 6 , 5 1 1  P ( l l ) , T ( l I )  
WRITE ( 6 , 5 2 1  P ( l Z ) t T ( l Z )  
4 1  FORMAT ( l H X 1 ' 1  INLET TO FLASH VALUE ' t 6 X g 2 F 2 2 . 4 )  
4 2  FORMAT ( 1 8 x 8 ' 2  OUTLET OF PITOT TUBE ' , 6x8 2 F 2 2 . 4 )  
4 3  FORMAT ( 1 8 x 8 ' 3  B R I N E  INLET TO CONDENSER ' 1 6 X 1 2 F 2 2 . 4 )  
44 FORMAT ( 1 8 X , ' 4  ERJNE OUTLET FROM CONDENSER ' , 6 X t 2 F 2 2 . 4 )  
4 5  FORMAT ( 1 8 x 1 ' 5  SEPARATOR VAPOR OUTLET ' 1 6 X a 2 F 2 2 9 4 )  
46 FORMAT ( 1 8 X t ' b  INLET TO COPPRESSOR ' t 6 X 8 2 F 2 2 . 4 )  
4 7  FORMAT ( 1 8 X , ' 7  OUTLET OF COMPRESSOR ' i) 6x8 2 F 2 2 , 4  1 
4 8  FORMAT ( 1 8 X s ' O  RECUPERATOR INLET ' , 6X ,2F22 ,4 )  
' r b X ~ 2 F 2 2 e 4 )  49 FORMAT ( l P X , ' Y  CATALYST REO INLET 
5 0  FORMAT ( 1 O X s V 1 O  CATALYST EEL! OUTLET ' , 6 X ~ 2 F 2 2 . 4 )  
5 1  FORMAT (18Xt'iI RECUPERATOR OUTLET ' ~ 6 X v 2 F 2 2 . 4 )  
52 FORMAT ( 1 8 X ~ ' 1 2  CONDENSER VAPOR INLET ' , 6 X , 2 F 2 2 , 4 )  
RETURE: 
EYTRY PRINTE ( E ~ , E ~ , E ~ ~ E ~ D E ~ ~ E ~ ~ E ~ ~ E ~ U I P R I N T )  
WRITE ( 6 , 5 5 1  E ~ , E ~ , E ~ * E ~ s E ~ P E ~  
5 3  FORMAT ( / / I O X I ~ C O ~ I P O N E N T  PERFORMANCE DATA ' / /16X, 'SEPdRATOR ' /  
I l f i X r ' S P E E D  = ' ~ F 1 0 + 4 , '  RPM'r 
2 1 6 X t ' b R I N E  OUTLET P R E S = ' I F ~ O ~ ~ ~ '  P S I A ' /  
3 1(1 X , ' POW t R = (  0 F l O a 4 r '  WATTS', 
4 1 4 X r ' R R I N E  T E M P E R A T U R E " , F 1 0 ~ 4 ~ '  DEG F ' I  
51RX,'VAPOR PRESSURE = ' i F 1 0 , 4 r '  P S I A ' R  
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0 0 0 1 4 3  
0 0 0 1 4 4  
0 0 0 1 4 5  
0 0 0 1 4 6  
0 0 0 1 4 7  
9 0 0 1 4 8  
0 0 0 1 4 9  




0 0 0 1 5 4  
0 0 0 1 5 5  
000156 
0 0 0 1 5 7  
0 0 0 1 5 0  
0 0 0 3.5 9 
O U O l h O  
0 0 0 1 6 1  
0 0 0 1 6 2  
0 0 0 1 6 3  
0 0 0 1 6 4  
OaOl65  
000166 
0 0 0 1 6 7  
000168 
0170169 
0 0 0 1 7 0  
0 0 0 1 7 1  
0 0 0 1 7 2  
0 0 0 1 7 3  
0 0 0 1 7 4  
0 0 0 1 7 5  
0 0 0 1 7 6  
0 0 0 1 7 7  
0 0 0 1 7 8  
0 0 0 1 7 9  
O O O I R O  
OUOlOl 
OOOlR2 
0 00 1 ti 3 
0 0 0 1 8 4  
0 0 0 1 8 5  
0 0 0 1 8 6  
0 0 0 1 8 7  
0 0 0 1 8 8  
ODOlH9 
0 0 0 1 9 0  
0 9 0 1 9 1  
0 0 0 1 9 2  
0 0 0 1 9 3  
0 0 0 1 9 4  
0 0 0 1 9 5  
Oi10196 
0 0 0 1 9 7  
0 0 0 1 9 8  
0 0 0 1 9 9  
O O O Z O O  
OQ0201 
0002c2 
0 0 0 2 0 3  
0 0 0 2 0 4  
0 0 0 2 0 5  
615x8 'HEAT LEAK = ' , F 1 0 * 4 , '  RTU/HR')  
550 RETURN 
ENTRY PRINTF ( F l p F 2 t F 3 , F  , F S J F ~ , F ~ P F ~ ~ ~ P R I N T )  
WRITE ( 6 , 6 8 1  Fg,F?,F3,F4,FS,FS,F7,FB 
60 FORMAT (//IOXa'COMPONENP PERFORMANCE DATA '//16X,'COMPRESSOR ' 1  
1 1 R X , ' I N L E T  PRESS = ' , F 1 0 . 4 1 '  P S I A ' ,  
215Xp'POWER = ' , F 1 0 . 4 , '  WATTS'/ 
318Xr 'OUTLET PRESS = ' r F l O e 4 , '  PSIA't 
4 1 5 X , ' A D I A B A T I C  E F F i  = ' ~ F 1 0 ~ 4 , '  PERCENT'/ 
510X, 'PRESS R A T I O  = '  ~ F 1 0 . 4 ~  
6ZOXt 'HOUSING TEMPo = ' , F 1 0 0 4 , '  DEG F ' /  
7 1 8 X ~  'VOLUME FLOW = ' , F 1 0 , 4 , '  CFM', 
816Xp'HEAT LEAK = * * F 1 0 . 4 1 '  B T U I H R ' )  
6 5 0  RETURN 
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0 0 0 0 0 9  
0 0 0 0 1 0  
0 0 0 0 1 2  
@00013 
000C14 
O O O U 1 5  
000016 
0 0 0 0 1 7  
O O O o l e  
000019 
0!30020 
0 0 0 0 2 1  
000022 
o a o o i i  
0 0 0 0 2 3  
0 0 0 0 2 4  
000025 
0 0 0 0 2 6  
0 0 0 0 2 7  
0 0 0 0 2 8  
0 0 0 0 2 9 
000030 
M A P R D P t l , 7 0 1 2 l l r  3 8 4 9 6  I 1 
SUBROUTINE MAPRDP ( I D , C I T , P , N C I N T , N D C D N D P I C A ~ T A ~ P A ~ K )  
C SUBROUTINE FOR READING MAP GIVEN X t Y 8 F I N D  Z i C I V E N  X , Z * F I N D  Y 
DIMENSION C ( 2 0 ) ~ T ( 6 5 ) , P ( 6 5 9 2 0 )  
C I D  = LOOKUP l R E N P I F I C A P I O N  
C C = INDEPENDENT VARIABLE ARRAY 
C T = INDEPENDENT VARIABLE ARRAY 
C P = DEPENDENT VARIABLE ARRAY 
C NC NO. OF ELEMENTS I N  X ARRAY 
C NT = NO. OF ELEMENTS IN Y ARRAY 
C NDC’ NO. OF POINTS I N  IVTERPOLATION 
C NDT== NO. OF POINTS I N  INTERPOLATION 
C CA = VALUE OF X - INPUT 
C TA = VALUE OF Y - INPUT I F  K =  0 
C PA = VALUE 0 Z - INPUT F F  K =  1 
C K = 1*2 FOR X , Y  INDEPENDENT 0 X , Z  INDEPENDENT RESPECTIVELY 
1 0  I F ( C A . G T . C ( l ) )  GO TO 50 
1 . 2  
GO TO 1 2 0  
I = NC 
GO TO 1 2 0  
5 0  I F ( C A . L T . C ( N C ) )  G O  TO 1 0 0  
10Q I=2 
1 1 0  I F ( C A . L E . C ( I ) )  GO TO 1 2 0  
1 = 1 + 1  
GO T O  110 
120 I 1  = I -  1 
200 DO 22D J l - P t N T  
2 2 0  CONT I W E  
G O  TO (200 ,30 (? ) rK  
I F ( T A . L E . T ( J 1 ) )  GO PO 2 5 0  
000031  230 00 2 4 0  J 2 = 2 # N C  




0 0 0 0 4 1  
0 0 0 0 4 2  
000043 
0 0 0 0 4 4  
000045 
000047 
0 0 0 0 4 8  
000049 
aooo3a 
0 0 0 0 4 6  
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e 
0 0 0 0 0 1  
0000e2 
0 0 0 0 0 3 




O r ? O O U 9  
000010 
o o o a o e  
0 0 0 0 1 1  
0 0 0 0 1 2  
0 0 0 0 1 3  
0 0 0 0 1 4  
0 0 0 0 1 5  
0 0 0 0 1 6  
0 0 0 0 1 7  
C'30018 
O'J0019 
0 0 0 0 2 1  
0uoa22 
000023 
0 3 0 0 2 4  
0 0 0 0 2 5  
0 0 0 0 2 6  
000027 
0 0 0 0 2 8  
0 3 0 0 2 9  
000030 
0 0 0 0 3 1  
0 3 0 0 3 2  
0 0 0 0 3 3  
000020 
0 0 0 0 3 4  
030035 
0 0 0 0 3 6  
000037 
0 0 0 0 3 8  
0 0 0 0 3 9  
0 0 0 0 4 0  
OQ0041 
0 3 0 0 4 2  
000043 
F00044 
0 0 0 0 4 5  
OC0046 
0 0 0 0 4 7  
0 0 0 0 4 8  









0 0 0 0 5 8  
0 0 0 0 5 9  
0 0 0 0 6 0  
0 0 0 0 6 1  
0 0 0 0 6 2  
0 0 0 0 6 3  
0 0 0 0 6 4  
0 0 0 0 6 5  
0 0 0 0 6 6  
0 0 0 0 6 7  
0 0 0 0 6 8  
000069 
0 0 0 0 7 0  
ELT L A G I N 2 ~ 1 1 7 0 0 4 1 7 ,  7 2 1 8 9  P I 
c H 0 0 0 9  
C 
C ROGER WRIGHT 
C 2 4  SEPTEMBER a 9 6 8  
C 
C ItJTERPOLATION SUEROUTINE LAGIM2 -- 
C BCD --CCMPATIRLE WITH I B M  3 6 0  FORTRAN I V  AND UNIVAC ilO8 FORTRAN V 





























T H I S  PROGRAM PERFORMS A TABLE LOOKUP AND INTERPOLATION, I T  USES A 
BINARY SCHEME I N  THE LOOKUP AND A LAGRANGIAN INTERPOLATIONt JF 
EXTRAPOLATION IS NECESSARY, ' L A C I N 2 '  WILL ALWAYS DO SO LINEARLY.  
AFJ EXTRAPOLATION MESSAGE WILL BE PRINTED TO I D E N T I F Y  THE 
INDEPENDENT ARRAY (FROM THE ARGUYENT ' IDMESS' )  AND THE ACTUAL 
VALUE 9F THE INDEPENDENT VARIABLE SUBMITTED TO ' L A C I N 2 ' .  
& C * * * &  
THE S P E C I A L  FEATURE OF T H I S  VEQSION OF L A C I N 2  IS THAT THE VALUE 
OF i W S ~ G E t t  CONT4INER I N  THE FOLLOWING DATA STATEMENT, C4N BE 
COMPILED-If51 TO PERMANENTLY E L I M I N A T E  PRINTING (WHEN 'MESAGE':I) 
O A T A  ' I E S A G E / i /  
WITH 'MESACE"fl, ALLOWING MESSAGES, THE SUEROUTINE IS HOOORe 
**it+tao 
WITH 'MESAGE'z1, OISALLOWI~JG MESSAGES, THE SUBROUTINE IS ~ 0 0 0 9 ,  
INPUT ARGUMEI~TS..,,IDMESS=A NUMBER OF LESS THAN FOUR D I G I T S  WHICH 
WILL BE PRINTED OUT I F  EXTRAPOLATION WAS 
EQUAL TO ZERO, OR I F  'MESAGE' IS GREATER 
NECESSARY, I F  ' IDMESS' IS LESS THAW OR 
THAN ZERO, NO MESSAGE WILL BE PRINTED. 
INDEPENDENT VARIABLE, MUST BE 
MONOTONICALLY INCREASING OR DECREASING, ... ,.v.eNP=THE NUMBER OF ENTRIES I N  THE ' X '  ARRAY, 
..,.v.,ND=THE NUMBER OF POINTS TO BE USED I N  THE 
. ~ , . I . , . X = A N  ARRAY OF TA0ULATED VALUES OF THE 
C LAGRANGIAN INTERPOLATIONt 
C . , ,o . r . ,XA=THE VALUE OF THE INDEPENDENT VARIABLE 
C TO BE LOOKED IJPq 
C ., . , . I . , ,Y=AN bRRAY OF TABULATED VPLUES OF THE 
C DEPENDENT VARIABLE CORRESPONDING 1 FOR I 
C TO ARRAY ' X ' a  
C 
C OUTPUT ARGUMENT..,..e..YA=THE VALUE OF THE DEPENDENT VARIABLE 
C CORRESPONDIYG TO ' X A ' .  
C 
C 
'C DETERMINE I F  ' X '  ARRAY IS INCREASING OR UfCREASINGt 
C 
C ' X '  ARRAY INCREASINGi 
DIMENSION X ( 2 ) ,  Y ( 2 )  
100  IF ( X ( 1 )  - X ( N P ) )  1 1 0 ,  110, 120 
1 1 0  ILO = 1 
IHI = NP 
I NK=l 
GO TO 13G 
C 
C ' X '  ARRAY UECREAS~NGP 
120 ILO NP 
I W I  = 1 
I N K = - 1  
130 I F ( X A - X ( I L 0 ) ) 1 ~ 0 ~ 4 2 0 ~ 1 ~ 0  
140 I F ( X A - X ( I H I ) ) 2 a 0 , 4 3 0 , 1 8 0  
C 
C EXTRAPOLATION REQUIRED 
1 5 0  I H I = I L O + I N K  
1 6 0  ILO-IHI-INK 
G O  TO 1 7 0  
1 7 U  I F (  I D t l E S S ) 2 0 0 ~ 2 0 0 r 1 8 ~  
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0 0 0 0 7 1  
0 0 0 0 7 2  
n ~ 7 0 0 7 3  
0 0 0 0 7 4  
0 0 0 0 7 5  
0 0 0 0 7 6  
000077 
0 0 0 0 7 8  
0 0 0 0 7 9  
nouono 
o o o o n i  
0 0 0 0 ~ 2  
0 0 0 0 8 3  






0 0 0 0 9 1  
0 0 0 0 9 2  
000093 
0 0 0 0 9 4  
0 0 0 0 9 5  
0 0 0 0 9 6  
0 0 0 0 9 7  
0 0 0 0 9 8  
0 0 0 0 9 9  
0 0 0 1 0 0  
0 i l 0 l O l  
0 0 0 1 0 2  
000103 
0 0 0 1 0 4  
000105  
000106 
0 0 0 1 0 7  
0 0 0 1 0  8 
OD0109 
000110 
0 0 0 1 1 1  
0 0 0 1 1 2  
000113 




O O O a l e  
000119 
0 0 0 1 2 3  
0 0 0 1 2 1  
0 0 0 1 2 2  
0 0 0 1 2 3  
0 0 0 1 2 4  
0 0 0 1 2 5  
0 0 0 1 2 6  
0 0 0 1 2 7  
0 0 0 1 2 8  
0 0 0 1 2 9  
0 0 0 1 3 0  
a a o o e e  





180 IF (MESAGE,GT,O) GO YO 2 0 0  
C 
C PRINT OUT EXTRAPOLATION MESSAGE, 
1 9 0  WRITE ( 6 , l )  IDMESS, X A  
1 FORMA? ( 1 W  9?'XL2H*LAGIN2, I D ~ I ~ D ~ H ?  XzE15 .8 )  
C 
200 r t l=i!  
G O  TO 260 
C 
C SEARCcl ARRAY ( X q  FOR INDEXES OF VALUES SURROUNDING ' X A ' ,  
2111 LOOK = (1LO+I141+1) /2  
2 2 3  I t.I I =LOOK 
230 ILO=LOOK 
250 I C - N D  
IF(XA-X(LOOK))220,44C,230 
GO TO 2 4 0  
2 4 0  I F ( I A R S  ( I H I - I L O ) - 1 ) 2 5 0 r 2 S 0 ~ 2 1 0  
C 
C F I N D  ?HE INDEXES OF VALUES I N  ' X '  WHICH ARE CLOSEST TO * X A '  FOR 
C LAGRANGIAN INTERPOLATION. 
2 6 0  IF ( INK)270 ,2? 'UbZ fJO 
2 7 0  I 1 = I H I  
12-11-0 
GD TO 29U 
2 8 0  I l - I L O  
I 2 . I H I  
290 I F ( I D - 2 ) 3 7 0 , 3 7 Q , 3 0 0  
300 00 3617 f N T - 3 , I D  
I l P =  11- 1. 
12p= 12+1 
IF( I 1 P  ) 3 1 0 1 3 i 0 , 3 2 O  
310 I F  ( 1 2 P  - NP) 3 5 0 ,  350 ,  370 
3 2 0  IF ( I 2 P  - N P I  3 3 0 1  330 ,  3 4 0  
33i7 IF(ABS ( X A - X ( ! L P ) ) - A B S  ( X A - X ( I 2 P ) ) ) 3 4 0 , 3 4 a , 3 5 0  
34,) I l - I l P  
35u 1 2 S I 2 P  
369 CON? I NIJE 
GO TO 3 6 0  
C 
C 
C PERFORM LAGRAIIGIAFl IKTERPOLATION USING ' I B '  POINTS STARTING WITH 
C '11' THRU ' 1 2 ' 0  
370 YA=0.0  
P.1.0 
D O  3 8 0  I=IliI2 
P = P * ( X A - X ( J ) )  
DO 4 1 0  I = I l r I 2  
F = P / ( X A - X ( I ) )  
DO 4 0 0  J=Ilrl2 
I F ( I - J ) 3 9 0 , 4 0 9 , 3 9 0  
3 0 0  CONTIVUE 
390 F = F / ( X ( I ) - X ( J ) )  
4 0 0  COIJTIFJUE 
410 CONTINUE 
YA=YA*F*Y( I )  
RETURN 
C 
C AHGIJMENT ' X A '  IS EQUAL TO AN ELEMENT I N  ARRAY ' X ' e  
4 2 0  Y h = Y ( I L O )  
RETURV 
430 YA=Y(IHII 
RET LIR PI 
4 4 0  YA=Y(LOOK)  
RETURN 
EPlD 
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P a g e  B-55 
SYSTEM OPTIMIZATION NOMINAL SYSTEM RUN 
CONFIGURATION DATA 
SEPARATOR 
ROTATING DWM WITH PITOT TUBE LIQUID PICKUP 
DRUM DIAMETER = 6,0000 INCHES 
DRUM LENGTH = 4,0000 INCHES 
PITOT TUBE RADIUS = 2.7000 INCHES 
K A T  LEAK TO AMBIENT = 1.0000 FiTU/HR/F 
PITOT HEAD COEFFICIENT 
PITOT DRAG COEFFICIENT 
MINIMUM SEPARATOR VOLUME 
COMPRtSSOR 




HEAT LEAK TO AMBIENT 
FLOW( CFM) 
2.0000 
3 * 0000 




e .  0000 






















CROSS-COUNTES FLOW SHELL TUBE EXCHANGER W I  
NUMBER OF TUBES = 124,0000 
NUMBER OF PASSES 16,0000 
= 20,0040 INCHES - ,1100 INCflES TUBE LENGTH TUBE DIAMETER 
HEAT LEAK TO AMBIEIJT e: ,1200 HTU/HR/F 
CATALYST BED 
H INLET ON SHELL SIDE 
FLOW AREA ON SHELL S I O E  
FRONTAL AREA SHELL SIDE 
BAFFLE FLOW AREA 
A X I A L  CONDUCTION AREA 
A X I A L  COND CONDUCTIVITY 
PIRE MESH CATALYST BED WITH FLOW AL0"IC AXIS 
RED LENGTH = 3.0000 INCHES WIRE DIAMETER 
BED DIAMETER = 2 I 2500 INCHES MESH SIZE 
C O W l  E NS ER 
SPIRAL T'JBE HX-BRINE ON INSIDE-STEAMOW OUTSIDE -COUNTER FLOW 
= 144,1000 INCHES - ,1870 INCHES TUBE LENGTH TUBE DIAMETER 
FLUID CINES 
B R I N E  LINES 
CONDENSER TO FEED 
FEED TO SEPARATOR 
SEPARATOR TO DUMP 
DUMP TO COVDENSER 
SEPARATOR TO COMPRESSOR 
COMPRESSOR TO RECUPERATOR 









6 t 0000 
6 * 0000 
OPERATING CONDTIONS 
SEPARATOR LEVEL = 5 0 p O O O O  C U * I N  
RRINE CONCENTRATION = 20,0000 PERCENT SOLIDS 
FEED CONCENTRATION = 4.0000 PERCENT SOLIDS 
CATALYST TEMPERATURE = 800.0000 
WATER PROD. RATE = 1,7285 LBIHR 
SEPARATOR PRESSURE :: 1,4080 PSIA 
COMPRESSOR PRESS RATIO: 1,6135 
BRINE FLOW RATE = 210.6250 LB/HR 
SYSTEY PERFORMANCE SUMMARY 
SYSTEM STATE POINTS 
1 INLET TO FLASH VALUE 
2 OUTLET OF PITOT TIJBE 
3 BRINE INLET T O  CONDENSER 
4 BQINE OUTLET FROh CONPENSER 
5 SEPARATOR VAPOR OUTLET 
F igu re  B-32. Output Sample 
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles. California 
FOULING FACTOR 


























AMBIENT TEMPERITURE = 70,ooao DEC F 
FEED TEMPERATURE = 7o.nooo DEC F 
VENT PRESSURE = 2.0800 PSIB 
34.5244 WATTS SEPARATOR POWER 
COMPRESSOR POWER e 67.4700 WATTS 
: 22.4908 WATTS 
VAPOR CARRYOVER I: .OOOO LB/HR 
CATALYST/RECUPv POWER 
PRESSURE(PS1A) TEMPERATURE(DEG F )  
3.0016 125 * 0 0 9 3  
11 * 3204 115r6480 
10 I 3595 115.5180 
5.8021 125 I 1676 
1 4080 115*6490 
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4 IVLET TO COMPHESSOR 
7 DUTLET OF COMPRESSOR 
8 RECUPERATOR INLET 
9 CATALYST BED INLET 
10 CATALYST BE0 OUTLET 
11 RECUPERATOR OUTLET 
1 2  CONDENSER VAPOR INLET 
COMPONEN? PERFORMANCE DATA 
SEPARATOR 
SPEED = 1 A 0 0 ~ 0 0 0 0  RPM 
POWER = 34.5244 WATTS 
VAPOR PRESSURE = 114080 PSIA 
COMPONENT PERFORMANCE DATA 
COMPRFSSOR . - - - - . . 
INLET PRESS = 1.3480 PSIA 
OUTLET PRESS = 211751 PSiA 
PRESS RATIO 5 I t  6135 
VOLUME FLOW i: 7 0 9 6 6 2  CFM 
COMPOhlENT PERFORMANCE DATA 
RECUPERATOR 
IaULET TEMP, = 129.1921 DEC F 
OUTLET TEMP. 5 161,2074 DEG F 
EFFECT I VENESS = e 9523 
HEAT LEAK = 49,2724 BTU/HR 
POWER 22.4708 WATTS 
CATALYST BED 
INLET TEMP. 5 747,9847 DEC F 





2 t 0367 
2 * 0339 
2.0155 
1 1 5  I 6490 
1 6 5  6644 
1 2 9  1 9 2 1  
76709R4V 
800 t 0000 
1 6 %  2074 
131.6848 
BRINE OUTLET PRES= 11,3204 PSIA 
BRINE TEMPERATURE' 115,6490 OEC F 
HEAT LEAK = 45,6490 BTU/HR 
POWER = 67,4700 W A T T S  
ADIABATIC EFFi  = 26,3278 PERCENT 
HOUSING TEMP, 5 165,6644 DEG F 
HEAT LEAK 191,2500 BTUIHR 
INLET PRESS. 2,1578 PSIA 
OUTLET PRESS. 5 2,0339 PSIA 
TUBE SIDE DEL P = ,0028 P S I 0  
SHELL SIDE DEL P = ,0266 P S I 0  
- BED DELTA P e0946 PSID 
COMPONENT PERFORMANCE DATA 
CONDENSER & 
BRINE FLOW = 210e4250 LB/HR VAPOR FLOW 3 117285 LR/HR 
BRINE DELTA P 4,5575 PSI0  VAPOR INLET P 2,0155 PSIA 
BRINE H = 953,2998 BTU/HR/FTIFT/F VAPOR SATUR T 5 1 2 6 t 1 8 1 1  DEI; F 
BRINE INLET T = 115,5180 DEC F VAPOR I.I = 2238,2158 BTU/HR/FT/FY/F 
HEAT LEAK = 73,0451 BTU/HR 
BRINk DELTA T 5 9.6494 DEC F VAPOR DELTA P = 1u09a PSID 
L INE DATA 
PRESSURE DROP(PS1D) HEAT LEAK(BTU/HR) 
CONDENSER TO FEED 4467 1 4  e 3436 
FEED TO SEPARATOR ,4668 1 4  v 3230 
SEPARATOR TO DUMP ,4804 11,8687 
DUMP TO CONDENSER t 4805 l l i 8 5 1 7  
SEPARATOR TO COMPRESSOR t 0599 - O 0000 
COMPRESSOR TO RECUPERATOR SO172 30 * 9713 
RECUPERATOR TO CONDENSER ,0184 22 I 9938 
F i gure 8-32 (Con t i nued) 
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TABLE B-1 
I N P U T  FORMAT FOR SYSTEM PERFORMANCE COMPUTER PROGRAM 
I 
.EN( 2 )  
.ELL( 2) 




30 I 40 
















V I S B (  I ,NCV) 






RES F( NRE s ) 
RESJ( NRES) 
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TABLE B - l  (Continued) 









LEVEL( I ) 
LEVEL( NCASE) 
IUMP 




IFEED( I ) 
IFEED( NCASE) 
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TABLE 8-2 
DEFINITION OF INPUT VARIABLES FOR SYSTEM PERFORMANCE COMPUTER PROGRAM 





























D e f i n i t i o n  
Number o f  p o i n t s  i n  TH and HH a r r a y s  
Temperatures o f  heat  o f  v a p o r i z a t i o n  a r r a y  
Heat o f  v a p o r i z a t i o n  o f  wa te r  
Number of temperatures i n  PP a r r a y  
Number of  c o n c e n t r a t i o n s  i n  PP a r r a y  
Temperatures i n  PP a r r a y  
Concen t ra t i on  i n  PP a r r a y  
Vapor p ressu re  o f  u r i n e  concen t ra tes  
Number of temperatures i n  V I S B  a r r a y  
Number o f  c o n c e n t r a t i o n s  i n  V I S B  a r r a y  
Temperatures i n  V I S B  a r r a y  
Concen t ra t i ons  i n  V I S B  a r r a y  
V i s c o s i t y  o f  u r i n e  concen t ra tes  
Number o f  data p o i n t s  i n  REN and JREN a r r a y s  
Number of data p o i n t s  i n  RELL and FANFR a r r a y s  
Reynolds number o f  f l o w  i n  c i r c u l a r  tubes 
J f a c t o r  f o r  f l o w  i n  c i r c u l a r  tubes 
Reynolds number f o r  f l o w  i n  c i r c u l a r  tubes 
Fanning f r i c t i o n  f a c t o r  f o r  f l o w  i n  c i r c u l a r  tubes 
Number o f  increments i n  condenser tube 
Separa t i on  o f  a d j a c e n t  wraps o f  condenser . tube 
Length o f  increment o f  condenser tube 
Thermal c o n d u c t i v i t y  o f  condenser tube 
F o u l i n g  f a c t o r  f o r  condenser tube  
Number o f  data p o i n t s  i n  RET, RETF and RETJ a r r a y s  
Reynolds number f o r  f l o w  i n s i d e  recupera to r  tubes 
F r i c t i o n  f a c t o r  f o r  f l o w  i n s i d e  recupera to r  tubes 
J f a c t o r  f o r  f l o w  i n s i d e  recupera to r  tubes 
U n i t s  
- 
O F  


















in .  
i n .  
B tu /h r /  
f t / O F  
2 
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N R E B  
RE B 
R E B E D F  
A C  




A N P  
A KC 
A RXC 
D B E D  






D P B  
A B  




V F L O  
PRC 
TABLE 8-2 (Continued) 
Def in i t ion  
Number of data points  
Reynolds n u m b e r  for  f 
Fr ic t ion  f a c t o r  f o r  f 
J f a c t o r  f o r  flow ove 
Number of data points  
R e y n b l d s  number f o r  f 
i n  RES, RESF, RESJ ar rays  
ow over recuperator t u b e s  
ow over recuperator t u b e s  
recuperator tubes 
i n  R E B  and R E B E D F  a r rays  
ow through c a t a l y s t  bed 
Fr ic t ion  f a c t o r  f o r  flow through c a t a l y s t  bed 
M i n i m u m  flow area/pass  i n  recuperator 
Frontal  flow area/pass  i n  recuperator 
T u b e  l e n g t h  i n  recuperator 
Rec upe  ra t o  r t u be d i ame t e r 
Number of t u b e s  i n  recuperator 
Number of passes over tubes i n  recuperator 
Thermal conduct ivi ty  of recuperator t u b e s  
Recuperator area for  a x i a l  conduction 
Diameter of c a t a l y s t  bed 
Diameter of screen w i r e  f o r  c a t a  
L e n g t h  of c a t a l y s t  bed 
Mesh 
I n i  t 
I n i  t 
Ini  t 
I n i  t 
F l o w  
s i z e  of c a t a l y s t  bed screen 
a1 guess on recuperator e f f  
y s t  bed 
c t  i veness 
a1 guess on c a t a l y s t  bed pressure drop 
a1 g u e s s  on recuperator t u b e  s i d e  p r e s s u r e  drop 
a1 g u e s s  on recuperator s h e l l  s ide  'pressure drop 
area  through recuperator b a f f l e s  
Number of po in ts  i n  V F L O ,  PRC, POWC a r r a y s  
In l e t  p r e s s u r e  f o r  PRC and POWC a r rays  
Housing temperature f o r  PRC and POWC a r rays  
Bearing and windage losses  of compressor 
Volumetric i n l e t  flow of compressor 
I n l e t  t o  o u t l e t  pressure r a t i o  of compressor 









f t 2  
f t  
f t  
- 
Btu/hr/ 
f t / O F  
f t 2  
i n .  
i n .  
i n .  




f t2  
- 
ps  ia 
OF 
wat t s  
c f m  
- 
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TABLE B-2 (Cont inued)  
Va r i a b  1 e Def i n i t i o n  U n i t s  
POWC Compressor power a t  TB, PB 
UA Heat t r a n s f e r  c o e f f i c i e n t  X area o f  system elements 
AL L i n e  l e n g t h  o f  system l i n e  elements 
' D  L i n e  d iameter  o f  system l i n e  elements 
HEAD D e s c r i p t i v e  t i t l e  o f  case t o  be run 











Separator  bowl l e n g t h  
Separator  r o t a  t i ona 1 speed 
Amb i e n t  temperature 
Temperature o f  f eed  
Concen t ra t i on  o f  f eed  
Flow r a t e  o f  dump 
Power i n  t r i m  h e a t e r  
Temperature o f  ca t a  1 ys  t bed 
Number o f  o p e r a t i o n a l  cases t o  be run f o r  t h i s  
system c o n f i g u r a t i o n  
Condenser ven t  p ressu re  
XB B r i n e  concent r a t i o n  
ALEVEL B r i n e  volume i n  b r i n e  loop 
JPRINT Con t ro l  on p r i n t  ( ~ ) - w i  1 1  p r i n t  o n l y  performance 
summary ( 2 ) - w i  1 1  p r i n t  component d e t a i l e d  
pe r f o rma nce 
equal  t o  p r o d u c t i o n  r a t e  (0 ) -no  feed  
IFEED C o n t r o l  on u r i n e  feed ( I ) - f e e d  a t  r a t e  
AIRESEARCH MANUFACTURING COMPANY 
Lo5 Angeles, California 
w a t t s  
B t u / h r /  
O F  
f t  
i n .  
i n .  




w a t t s  
OF 
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